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 1 
ʌƬ 
 ȑȆ/,'*	ȐĨǰś1ȑĶ,ɜǖ/˳Œ/˙ʌ.ȐĨŷĥ+B$<	
ȑȆ/1ȐĨǰś/ˍűB$<0ȑ´Qm`~ĶĞB
ëȆ0ǰśˍ
űQm`~/1ȲɐFĈ;į0ɏɟˤB	"C@0ɏɟˣ0Ȧ
·ȓFĈ;ɒĄȡ.áŪQm`~/1ƹȪ0ǽǕC*B
ƻȬȺ+1	
]x.iëȆ+Bəɿ Caenorhabditis elegans 0³ǰɣųȎʩFʕ
ǁi,*	ëȆ0ǰśˍűQm`~/BɏɟngjU0ʕǁ
Fʃ'$
əɿ0³ǰɣų,1	20+̀ɦ$Â´1 2/ɡCB,ǔǶ
B0/Ņ	15+̀ɦ$Â´1 2/ɡC*=ȑĶB,+B
Ȏʩ+B
C9+0ȬȺ@	˼˓0ǰśĀŁm+B ASJ m
ǰśFĀŁB,+K_FÚǡ	K_FĀŁ$ɭ
>Ȳɐɉː¯ĵ0ȟȎFĭî!B,+³ǰɣųFáŪB,Ư@
,.'*B
ƻȬȺ+1	Ƨ$/Ɉĵ³ǰɣų/ˤB,Ư@,
.A	ɈĵǰśĀŁmFvJkqgUáŪB,ȯđC$

9 	ɭ0K_ɐʵ0ǧ+ǏɨBː¯ĵ0ʕǁ@	Ɉĵ³ǰɣ
ų/ţ˶FB,ȯđC$
@/	Ɉĵ0ː¯ĵ,§0ɏɟ0ː¯
ĵ,0ː¯ķȡˤ¾Fʣ6$,D	Ɉĵ0ː¯ĵĭțǰśĀŁm
ASJ 0ː¯ĵĭț?Aː¯ķȡ/Ê²+'$
9$	ǰśĀŁm ASJ
0ȲɐǦëFQ]L~K^VǢ/?AʗǱ$,D	Ɉĵȇțȡx
hKz_vHdb PP1 0ĭț´(gsp-4)/*	ǰś/ŅBűɁų
³*$
@/	gsp-4 ĭț´0Ɉĵȇțȡ/ gsp-4 ː¯ĵFȟȎ!$
ː¯ĵňÎɉɒ/*	ASJ 0ǰśűɁųėū$,@	Ɉĵǰś
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ĀŁm ASJ /ţ˶FB,ȯđC$
³ǰɣų/*	Ɉ
ĵ	Ȳɐ	"*ɭ,ɏɟˣ0ŷĥ¯ˋFʃÚĵFąļB$</	DNA
|KUIKʕǁ+ąļC$̀ɦǰś+ȟȎĭëBǅÒĀŁ´ 
(Nuclear Hormone Receptor, NHR) 0ĭț´0³ǰɣųFʕǁ$,D	
nhr-88 , nhr-114 0ĭț´+³ǰɣų0țŒʎ@C$
ː¯ķȡʕǁ@	
ƪȪ0K_ɐʵ,1Ȋȼ/	Ȳɐ@ NHR F¦*ɭ/ǰśŷĥFˀ'
*B,ȯđC$
ª0ɑǂ@	ëȆ0ǰśˍű/*	Ɉĵ
ˤB,	"*	Ɉĵ˼˓ǰśĀŁmFvJkqgUáŪ
B,ȯđC$
 
 ª0ɑǂ@	ǰśĀŁm ASJ +ĀŁC$ǰśŷĥK_
,_hKkzF¦*ɭ/¯ˋC	Ǒ/ɭ@Ɉĵ/ŷĥˀ@
C$ŧ/	ɈĵǰśĀŁm ASJ 0ȲɐǦë/ţ˶FB,ȯ
đC$
ƻȬȺɑǂ1	ǰśˍű/*	Ɉĵ@źʑȲɐ50vJk
qgU]_h~ĶĞB,Ƨʏ0ǋŲFƓĒB=0+B
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Śʤ 
əɿ Caenorhabditis elegans 0ȐĨǰś/ŅBűɁ 
 ȑȆ1Œ/Įș@0ŷĥFĀÿA	"C/ˍÛ/űɁ*ȑȏȡýű>
ʃëFĭî!B
Įș@ĀÿBŷĥ0+=ǰś1ȑȆ0ȑĶ,ɜǖ/
ȥƑţ˶FB˙ʌ.ȐĨŷĥ+B
ȇ/ǿɪǈëȆ.-0žˡ˅ś,ɜ
ǖêȍ1	ȐĨǰś/İŎĂCB
"+į0ȑȆ1	ǰśĭî/Ņ
BʃëűɁ>ɰɩʮ0åĄĭî.-0ȑȏȡýű+ȐĨǰś/ˍűBQ
m`~F='*B(Murray et al., 2007)
¹2	ŴǰëȆ+B£ˣ0ĦĄ	
Ïʶ+ĀŁC$ǰśŷĥ1ǃȲɐ+Bɬ0ʐř˓+ɒĄC	̆ǆɀ
0˯/?BȟȄ>ȣɯ0ʂɃ0ĭî.-Fşʱ*´ǰʣɄFʃ,
Ú'*B(Nakamura, 2011)
ƨ+	̇ȿëȆ/.B7-ȑ´>ɬFǌ
žBɍɧƢĩçB$<	ǰśˍű0ɍɧngjUFʕƯB$</
1ƲˣFʌB,ɢ@CB
 
 ƻȬȺ+1iëȆ,*əɿ Caenorhabditis elegans Fȓ*B
C. 
elegans 1´ˡɊ 1 0ĝī/ȑŵBɲȕȑǦų0ȑȆ+	˂Ư.´F
=($<´0Ò˓ǌˆF˳½ʊȡ/ȥƑʓńB,+B(Barr, 2003; 
Brenner, 1974)
˫˩ą´0žɿ0´ɍɧ1 959 Â@.A	"0& 302 Â
Ȳɐɍɧ+	ˮĵ˽ŬˠFȓ$ˇɓÛȅÉ0ʕǁ@ȲɐngjUǌˆ
ÓǌɆC*B(White et al., 1986)
@/	Kv[KU 20+Ɋ
4 ƫ,ȫ	˫ ˩ą´0ɲŀĀɈ/?BõǾȑǖ,³Ȯȍ+ȟȑB˩Â´,0
¢˔/?BƷųȑǖFʃ$<	ɉɒ0ɔƆ,ː¯ķȡʕǁŁư+B
Ï
Xo~˔Üʕǁǭ:+A	Xo~[K`Ɋ 100 Mbp +ː¯ĵƢɊ
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20000 Â+A	"C@0& 36̌sj,Ð˄Bː¯ĵ+B,ĥĊC
*B(The C.elegans Sequencing Consortium, 1998)
C@0ȇŭ@	C. 
elegans 1	ǰśˍű0Qm`~Fʣ6B0/ÊC$iëȆ0(+B
,ɢ@CB
 
 C. elegans 1	ȐĨǰś/ű$ʃë>ŢŻĭîȪ@C*B
¹2	
25+̀ɦ$ĦĄ	÷@žɿ/žˡB9+0Ʋˣ1Ɋ 3 ƫ+B0/Ņ
	15+̀ɦ$ĦĄ1Ɋ 6 ƫ,̀ɦǰś/ű*žˡ˅śİĭî
B
ȑɦ˥șǰś+B 30 śª0̇ǰ9$1˿̄/@C$ C. elegans
0Řɿ1	e,č2CBɣųŘɿ/ŢŻĭî	̇ǰ>˿̄/Ņ̇ɣ
ųFȌũB
eɣųŘɿ1ȐĨȑĶ/ˍ$ȈŻ/.B9+eŢ
ŻFɔƆ	"0ˣžˡ,ųžȃ1ÅǒB(Hu, 2007)
C. elegans 1̀ɦǰś
,̃ƾ¬/?'*ʃëFĭî!B
Ñ´ȡ/1	ļ0ǰś+̃FñÚ/
*̀ɦC$Â´1	ǰśì˔+ˊú0̀ɦǰś/ćʃëB
"
C/Ņ*	ļ0ǰś+˿̄Fɐ̅$Â´1	ǰśì˔+̀ɦǰśF
ŰˑB
0?.ǰś/ŅBʃë1ǰśʰų(thermotaxis),č2C*
A	C. elegans ̃ƾ¬,̀ɦǰśFˤˇ)*ʙż	ʃëűɁ/ýƱB
,Fȯ(Aoki and Mori, 2015; Hedgecock and Russell, 1975; Mori and 
Ohshima, 1995; Ohta and Kuhara, 2013)
 
 
əɿ C. elegans 0ɏɟngjU 
 ȑȆ0ȑĶȤȡ0(1ɜǖ+B$<	ɜǖ0êȍFB$<0ȑǖǏ
ɨ0YjǏǌ1ů˺+B
ëȆ/*	Â´0ĀɈȍ1	ĀɈ/
 5 
ȥɑBɈĵ0ˉëų>Ƣ	÷0ŢžȈŻ>Ƣ	?3ȸȇƷ0ȑǖʃë/?
'*ŎĂCB
C@1	Ȳɐɉ/?'*ĀŁCBĮș0Ǎ.ȐĨʌĘ
/?'*ĭîB
¹2	C. elegans 0ĦĄ	źʑm+ĀŁC$
ȐĨŷĥ/ű*	Ɉĵ0ˉëų>÷0Ƣ>ĀɈȍ.-ĭîB
Ñ´ȡ/
1	źʑm ASI ĀŁ$ȐĨŷĥ/ű*Ɉĵ0ˉëųFáŪ	
Ɉĵ0ĀɈȍ/ţ˶FB,Ú'*B(McKnight et al., 2014)
źʑ
m ASI 1	Â´łś0ƭ,̃0ǯŊ/?'*ĩçB ascaroside z
FĀŁB, TGF-βÒÚǡ]VlFǯŊ!	÷ùŗɍɧ0x_d
V^Ąž/ţ˶FB
x_dV^/1ɈĵF÷9+ʟň
BŤåA	Ɉĵ0ˉëų/ţ˶FB(McKnight et al., 2014)
0Ɉĵˉ
ëFáŪBQm`~1	eŘɿŢž,ˌ̀ɦǰś/1»Ķ.
,ĥĊC*B
 
 ȑȆ1Įș@0ŷĥFĀŁB,+űɁˍűFʃ	ˍÛ.űɁˍű
Fʃ/1´ɍɧ@Ȳɐɍɧ50vJkqgU=˙ʌ+B
¹2	C. 
elegans 0˗ɋ/ŅBʃëűɁ+BʰǛų(aerotaxis)+1	³˗ɋȐĨF´
ɍɧȑǖŌ uterine-vulval ɍɧ(uv1)ĀŁ	³˗ɋʟňĘĵHIF-1F¦*
Ȳɐėʵ/vJkqgUB,+ʰǛųFáŪB,Ú'*B
(Chang and Bargmann, 2008)
9$	ǰśʰų+1	ɭ>ɀɤ+ĀŁC$ǰś
ŷĥN_jXF¦*ǰśĀŁmAFD/vJkqgUCB
,ĥĊC*B(Sugi et al., 2011)
N_jX1_hKkz+
AǅÒĀŁ´(NHR)N_jXĀŁ´,*ǏɨB,ƒǱC*B
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əɿ0Ɉĵ+ǏɨB MSP 
 C. elegans 1˫˩ą´+B$<	Ɉĵ,÷ɍɧ0ƨFÀƷ*B
C. 
elegans 0Ɉĵ1	ĵĿ,ȑǖɮ0ˣ/BʫɈĕ,č2CBɏɟ/ĶĞ	÷
ɍɧʫɈĕF˄AĵĿ5ƍ÷CB˨/ĀɈʃECB
əɿ C. elegans 0Ɉ
ĵ1	sjFĈ;z˾+ʎ@CBPd|^U]ġ0Ɉĵ+1.	I
qȈ0ɍɧ+B
Pd|^U]ġ0Ɉĵ1˵Ǚ/?'*ˉëFʃ	I
qȈ+B C. elegans 0Ɉĵ1ƻ0«ʳ(Pseudopod)F¸˃ Aˉë
Fʃ
į0IqȈɍɧ0«ʳ0ɍɧ̆ǆIUf/?'*ǌžC
B0/Ņ	əɿ0Ɉĵ+1 Major Sperm Protein (MSP)/?'*«ʳ0ɍɧ̆
ǆŢžC	MSP 0˙Ą,ɫ˙Ą/?Bɍɧ̆ǆ0°ɛɈĵˉëFáŪ
B(Italiano et al., 1996; Kelleher et al., 2000; Smith, 2006)
«ʳ0ɍɧ̆ǆF
ŢžB MSP 1ɈĵȇțȡxhKz_vHdb+B GSP-3 , GSP-4
/?'*ʕˬ˅śFʣɄC	Ɉĵ0ˉëųáŪCB(Wu et al., 2012)
 
 MSP 1Ɉĵˉë%+.	Ɉĵ@÷ɍɧ50]Vl¯ˋ/=ˤB
,ĥĊC*B
əɿ C. elegans /*	Åǒ$÷ɍɧ0ǯƢÚʆ
1	Ɉĵ@0]VlFĀŁB,+Óˢ¿ˈCB(McCarter et al., 
1999)
Ñ´ȡ/1	ɈĵˉëFʃ«ʳ0ɍɧ̆ǆĘĵ+B MSP 	Ɉĵ
@ŉɧF¦*ÚǡC	÷ɍɧ0ǯƢÚʆžȃF¿ˈB]VlȆʮ,
*ǏɨB,ĥĊC*B
MSP /?B]Vl¯ˋ1	÷ɍɧ0ž
ȃ%+.	÷ɍɧFȑǖɮ@ʫɈĕ5ȶë!Bƍ÷/ˤ*=¿ˈ
B(Kosinski et al., 2005; Miller, 2001)
0?/	Ɉĵ/ĶĞB MSP 1	
Ɉĵɲʶ0ˉëFáŪB%+.	Ɉĵ,§0ɍɧˣ0]Vl¯ˋFʃ
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Úĵ,*=Ǐɨ*B

 
əɿ C. elegans 0³ǰɣų 
  ſ1əɿ C. elegans 0³ǰɣųȎʩFi,*	ëȆ0ǰśˍű
Qm`~0ʕƯFȤƇ*B
³ǰɣų,1	20+̀ɦC$əɿ C. 
elegans 1 2/ 48 ƲˣɡCB,ǔǶB0/Ņ	15+̀ɦC$ C. 
elegans 1 20³ǰ+=ȑĶ+BȎʩ0,+B( 1) (Ohta, Ujisawa et 
al., 2014)
C. elegans 1	30ª0̇ǰ/@CB,eɣųŘɿ/ŢŻ
ĭîB	³ǰɣų+1ŢŻĭî1ʓńC.
C9+0ȬȺ@	˼
˓0źʑm ASJ ǰśFĀŁ	K_FÚǡ	ɭK_
FĀŁB,+³ǰɣųFáŪB,ȯđC*B ( 2) (Ohta, 
Ujisawa et al., 2014)
˼˓0źʑm ASJ 1Í>vMFĀŁB
,+Ȫ@C*B	ǰśĀŁ´1Ư@,.'*.
ǰśŷĥ˛
´ G drUʮɐʵ+ǰśŷĥF¯ˋCB,ȯđC*B$<	ǰś
ĀŁ´1 G drUʮÐŤġĀŁ´+B,ŸC*B
˛´ G dr
Uʮɐʵ+ǰśŷĥF¯ˋ$ ASJ 1]lx_˻Ģ@K_FÚǡ	
ÚǡC$K_1ɭ>Ȳɐɉ/ĀŁC	ƶɎȡ/ɭ0 FOXO ġʷÔĘ
ĵ DAF-16 ː¯ĵȟȎFʣɄ	Ïʶ0³ǰɣųȈŻFɔƆ9$1ĭî!
B( 2) (Cornils et al., 2011; Liu et al., 2010; Ohta, Ujisawa et al., 2014)	
³ǰɣų0áŪ/ˤ*	DAF-16 /?Bː¯ĵȟȎáŪ0ǧ+ʱBÑ´ȡ
.ȑ´Òĭî	B1Ȳɐ>ɭªĮ0ɱĔ0ˤ0āɨų1ÏE'*
.
"+ƻȬȺ+1	C. elegans 0³ǰɣų/BK_ɐʵ0
 8 
ǧ+1$@Úĵ>ɏɟ0ǉʘ,	"C@0ɏɟˣ0ngjU/(*ʕ
ǁFʃ	³ǰɣųFóʣ*áŪBɏɟngjUiFɢǇ$
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ɑǂ 
Ɉĵ³ǰɣų/ţ˶FB 
 əɿC. elegans 1ȐĨǰś0ĭî/ˍűB$</	eɣųŘɿ>³ǰ
ɣų,'$ȑ´Qm`~FƷ*B(Hu, 2007; Ohta, Ujisawa et al., 
2014)
C9+0ȬȺ@	˼ ˓0 ASJ ǰśĀŁmǰśFĀŁ	
˛´ G drUʮɐʵ+ǰśŷĥF¯ˋ*]lx_˻Ģ@K_F
Úǡ	ÚǡC$K_FɭĀÿB,+³ǰɣųáŪCB
,Ú'*B(Ě 2) (Ohta, Ujisawa et al., 2014)
Ñ´ȡ/1	K_
ĀŁ´DAF-20ǧ+ʷÔĘĵDAF-16.-ː¯ĵȟȎFʣɄB,+³
ǰɣų0ȈŻFĭî!B,ɢ@CB
0³ǰɣų0áŪi/*	
ɭ0K_ɐʵ0ǧ+-0?.Úĵ>ɏɟ0ŷĥ¯ˋɉǏɨB
1ñÚ/1Ư@,C*.'$
"+	K_ɐʵ0ǧ+1$
@ː¯ĵ>ɏɟF DNA |KUIKʕǁ/?'*ʣ6B,,$
9 	
˚ȑǄ,K_ĀŁ´/țŒF=( daf-2 ĭț´F 15+̀ɦ	25/
12 Ʋˣɡ$ŧ/	"C#C0Â´@ mRNA FƃÙ$
ƃÙC$ mRNA
F DNA |KUIKFȓ*ǘʹʕǁ	˚ȑǄ, daf-2 ĭț´+ȟȎ/ 2
ÃªŏBː¯ĵFɊ 1500 Âąļ$(Ě 3, 4)
ąļC$ː¯ĵF C. 
elegans 0Xo~idy_+B WormBase (http://www.wormbase.org)
+Ȯʞ	ƪ/idy_/ː¯ĵȟȎrdȠ˞C*Bː¯ĵF
Ɋ 400 ÂugUIgx	"0ȟȎ˻ĢFÚ˾*Vvî$(Ě 3)
ugU
IgxC$ː¯ĵ0&Ɋ 40̌Ȳɐ,ɭ+ȟȎ*$
Ȳɐ,ɭ1	
C9+0ȬȺ@ƪ/³ǰɣų/ˤBɏɟ+B,ȯđC*Bɏ
 10 
ɟ+B(Ohta, Ujisawa et al., 2014)
Ȳɐ,ɭ/Ǒ+ugUIgxC$ː¯
ĵįȟȎ*$01ȑǖɏɟ+'$
ȑǖɏɟ+ȟȎBː¯ĵF
@/ʝɍ/Ú˾B,Ɉĵ+ȟȎBː¯ĵƶ=į,@	Ɉĵ³ǰ
ɣų/ˤBāɨųɢ@C$(Ě 3)
Ɉĵ³ǰɣų/ˤB,ĥ
Ċ1.'$$<	Ɉĵː¯ĵ,³ǰɣų/ˤ*ʕǁFʃ,,$
 
 9 	Ɉĵ³ǰɣų/ˤBʣ6B$</	Ɉĵ0Ǐɨ>ȟȑ/ˤE
Bː¯ĵ0ĭț´0³ǰɣųFǱļ$(Ě 5)
"0ɑǂ	20̀ɦŧ/ 2/
48 ƲˣɡC$ŧ/˚ȑǄ?A=̇ȑĶȍFȯțŒʉƢ0ĭț´+ʓń
C$
Ñ´ȡ/1	20̀ɦŧ/ 2+ 48 ƲˣɡC$ŧ0˚ȑǄ0ȑĶȍ
Ɋ 20̌%'$0/Ņ	fem-1 ĭț´+Ɋ 50̌	fog-2 ĭț´+Ɋ 40̌	gsp-3
ĭț´+Ɋ 85̌	gsp-4 ĭț´+Ɋ 70̌	ife-1 ĭț´+Ɋ 65̌	msd-4 ĭț
´+Ɋ 55̌	spe-11 ĭț´+Ɋ 55̌0ȑĶȍFȯ$̍Ě 5 
̎ȇ/ŠțŒ
Fȯ$ gsp-4 , gsp-3 1Ɉĵȇțȡ/ȟȎ	ɈĵŢž>ɈĵˉëFáŪ
BxhKz_vHdb PP1 FYkB,ĥĊC*B(Wu et 
al., 2012)
 
 Ǒ/	Ɯ±ȡ.ėūĽ̅,*	ɈĵȇțȡxhKz_vHdb0ĭ
ț´+B gsp-4 0˫˩ą´/	˚ȑǄ0˩F¢ŋ!B,+ÆŜ.ɈĵF
ňÎ$ gsp-4 ĭț´Â´0³ǰɣųFǱļ$(Ě 6)
"0ɑǂ	Yj
+B˚ȑǄ0˩,¢ŋ!*.˚ȑǄ0˫˩ą´1 20̀ɦŧ/ 2
/ 48 ƲˣɡC$ŧ0ȑĶȍɊ 3̌	¢ŋ!$˚ȑǄ0ȑĶȍ1 0̌	˚
ȑǄ0˩,¢ŋ!*.Ɉĵĭț´ gsp-4 0ȑĶȍ1Ɋ 44̌%'$0/Ņ
	˚ ȑǄ0˩,0¢ŋ!$ gsp-4 ĭț´1Ɋ 17̌,¢ŋ!*. gsp-4
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ĭț´0³ǰɣų0țŒ˓Úȡ/ėū$(Ě 6)
C@0,@	Ɉĵ0
țŒ/?'*³ǰɣų0țŒşʱCB,ȯđC$
 
 
Ɉĵ0 MSP ³ǰɣų/ţ˶FB 
 ĭț´>Ɉĵ0ňÎĽ̅@	Ɉĵ³ǰɣų/ţ˶FB,ȯđ
C$
	Ɉĵ-0?/³ǰɣų/ţ˶FB01Ư@,.'
*.
"+	Ɉĵ³ǰɣų/Bţ˶/(*ʣ6B$</	Ɉĵ
+ǏɨB,Ư@,.'*Bː¯ĵ/ĭțF=(22ɉɒ0ĭț´0³
ǰɣųFǱļ$(Ě 7)(L'Hernault, 2006)
"0ɑǂ	20̀ɦŧ/ 2/ɡ
C$ spe-15 , spe-39 0ĭț´+³ǰɣų0țŒʓńC$̍ Ě 7 
̎spe-15
1ɈĵŢž0ȾǯƢÚʆ+Ɉĵɍɧ(spermatid)Ǖ¶ŉ´(residual body)
@ÙɸB˨/	Fibrous Body-Membranous Organelles (FB-MOs)>}jY
kI,'$ɍɧŉĔĻFÿƋˏƂ*ʺˀBŤåFƆ(}P]VIFY
k*B(Kelleher et al., 2000)
spe-39 1 FB-MOs 0Ţž/ůʌ.Ƨʏʒ
ǜųdrUʮFYk*B(Zhu and L'Hernault, 2003)
0(0ː¯
ĵ1-&@=ɈĵŢž/˙ʌ.ŤåFƆ(ɍɧŉĔĻ FB-MOs /ˤB
(Kelleher et al., 2000; Zhu and L'Hernault, 2003)
FB-MOs 1ɈĵŢž/˙ʌ
.drUʮįƢĈ9C*BɍɧŉĔĻ+	Z^´ȕƿ0ŉɧ+BMO
˓²,ɑƴǍ0ɝɔ´+B FB ˓²@.B
FB ˓²1˳IUfų0ɍɧ
̆ǆĘĵMSP®Ą$ɝɔ´+A	MO˓²ȕƿ0ɰǌˆ+ʍEC*B

FB ˓²FǌžB MSP 1Ɉĵɍɧ@Ɉĵ5,žȃBˊȷ+śʕˬ*
ɍɧʮ/ƟÙC	Ɉĵ0«ʳ0ɍɧ̆ǆ,*Ó˪ĄB(Italiano et al., 
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1996; Kelleher et al., 2000; Smith, 2006)
Ɉĵˉë1 MSP 0˙Ą,ɫ˙Ą/
?B«ʳ0°ɛ/?'*ʃEC	MSP 0ʕˬ1ɈĵȇțȡxhKz_vH
db GSP-3/4 /?'*áŪCB(Wu et al., 2012)
"+	̀ɦǰś»Ķ
ȡ/ȟȎĭëB msp ː¯ĵFugUIgx	vJiJV RNAi Ǣ+o
gUeL$ eri-1; lin-15B ĭț´Â´0³ǰɣųFǱļ$̍Ě 8 
̎eri-1; 
lin-15Bĭț´1RNAi/?Bː¯ĵogUeL/ŠźĀųF=(ɉɒ+
B
"0ɑǂ	msp-19 > msp-38 .- 21 ȸ˾0 msp ː¯ĵ0ogUeLÂ
´/*	20̀ɦŧ/ 2/ɡC$ŧ/nRhJwYj0 eri-1; 
lin-15B ĭț´?A=ȑĶȍƭB³ǰɣų0țŒʓńC$̍Ě 8 
̎
20̀ɦŧ/ 2/ɡC$ŧ/Yjɉɒ?A=ȑĶȍƭBț
Œ1	Ɉĵĭț´+=ʓńC$̍Ě 5, 7 
̎C@0ɑǂ@	Ɉĵ0 MSP
/ˤEBÚĵǏǌ³ǰɣų/ˤBāɨųɢ@C$
C@0?.
20̀ɦŧ0³ǰâǺ+ȑĶȍƭBțŒ1	ǰśĀŁm ASJ 0
˛´ G drUʮɐʵ>	ɭ0K_ĀŁ´0ĭț´+=ʓńC*
B(Ohta, Ujisawa et al., 2014)
 
 
³ǰɣų/*	Ɉĵ0 gsp-4 1K_ɐʵ0ǧ+ǏɨB 
 9+0ĭț´Fȓ$³ǰɣų0ʕǁ@	Ɉĵ³ǰɣų/ˤB
,ȯđC$
"+	³ǰɣų/ˤEB,ȯđC*Bɏɟ+
BȲɐɉ>ɭ,Ɉĵ,0ˤ¾Fː¯ķȡ/ʣ6B,,$(Ohta, Ujisawa et 
al., 2014)
C9+/	Ȳɐɉ>ɭ/BK_ŷĥ¯ˋɐʵ	³ǰɣ
ų/ů˺+B,ĥĊC*B
9$	ƻȬȺ0 DNA |KUIKF
 13 
ȓ$ɑǂ@	K_ŷĥ¯ˋɐʵį0Ɉĵː¯ĵ0ȟȎFáŪ
B,ȯđC$ (Ě 3)
C@0ŷĥ/Ĥ)	³ǰɣų/Bɭ,Ɉ
ĵ0ˤ¾-0?.=0ʣ6B$</	³ǰɣų/ˤB"C#C0ɏ
ɟ0ː¯ĵĭțFàȓ*ː¯ķȡʕǁFʃ'$ (Ě 9, 10, 11)
C9+0Ȭ
Ⱥ@	ɭ1Ȳɐɉ@ÚǡC$K_FK_ĀŁ´ DAF-2+Ā
ŁB,+ː¯ĵȟȎFĭî!³ǰ/ŅBˍűųFĭî!B,Ú
'*B(Ě 2) (Kimura et al., 1997; Ohta, Ujisawa et al., 2014)
"+	ɭ
+1$@ː¯ĵ,*K_ĀŁ´FYkB daf-2ː¯ĵ	Ɉĵ+1
$@ː¯ĵ,*ɈĵȇțȡxhKz_vHdb PP1 FYkB
gsp-4ː¯ĵFȓ*	"C@0˙ĭț´F·ʈ	³ǰɣųFǱļ$
20
̀ɦŧ/ 2/ɡ$,	˚ ȑǄ07,G-ǔǶB0/Ņ	Ɉĵ0 gsp-4
ĭț´,ɭ0 daf-2ĭț´1̇ȑĶȍFȯ$
"*	gsp-4; daf-2˙ĭ
ț´1"C#C0õȊ0ĭț´,ąȷś0țŒFȯ$(Ě 9)
0,@	
gsp-4, daf-21ː¯ķȡ/ąɐʵ+ǏɨBāɨųȯđC$
@/	
ļ˛ȡ PCRFȓ*	˚ȑǄ,K_ĀŁ´ daf-2ĭț´/BɈĵȇ
țȡxhKz_vHdb gsp-3 , gsp-4 0 mRNA 0ȟȎ˛Fǘʹ$

"0ɑǂ	K_ĀŁ´ daf-20ĭț´/* gsp-3, gsp-40ȟȎy
ƭ$(Ě 10, 11)
(9A	ɭ0K_ĀŁ´ DAF-2F¦$ŷĥ
¯ˋɐʵ	Ɉĵ0 gsp-3 , gsp-4 0ȟȎ/ţ˶F*B,ȯđC
$
C@0ɑǂ@	ː¯ķȡ/ DAF-2 0ǧ+Ɉĵ0 GSP-4 ǏɨB
āɨųȯđC$
ː¯ķȡ/ǧ9$1ǧ,1	BȎʩ/ŅBˇ
0ȑîķýű/*	ţ˶FBː¯ĵ0˹ȚFȯˤ¾0,+
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B
ʅȎŢ1ǧ0ː¯ĵ0ţ˶ÊÌCB
 
 
Ɉĵ0 gsp-4 ĭț1 ASJ m0ǰś¯ˋɐʵ0țŒ+ƁáCB 
 Ǒ/	Ɉĵ,³ǰɣų/ˤB,Ú'*B ASJ ǰśĀŁm
,0ː¯ķȡ.ˤ¾Fʣ6B$</	³ǰɣų/ˤB"C#C0ɏɟ0
ː¯ĵĭțFàȓ*ː¯ķȡʕǁFʃ'$(Ě 12, 13)
C9+0ȬȺ@	
ASJ ǰśĀŁm1ƹąļ0ĀŁ´+ǰśFĀŁ	˛´ G drU
ʮ[wmgj(G)+B GPA-3 >VIm˗]Ub(GCY)+B
ODR-1 F¦*ǰśŷĥF¯ˋ	ASJ 0]lx_˓²@0K_0Ú
ǡFáŪB,Ú'*B (Ě 2) (L'Etoile and Bargmann, 2000; 
Lochrie et al., 1991; Ohta, Ujisawa et al., 2014)
Ɉĵ, ASJ ǰśĀŁm
,0ː¯ķȡ.ˤ¾Fʣ6B$</	ASJ ǰśĀŁm+1$@
G> GCY 0ĭț,	Ɉĵ+1$@ː¯ĵ0ĭț,0˙ĭț´F·ʈ	
"0³ǰɣųFǱļ$(Ě 12, 13)
0ʕǁ+1	ASJ m+ǏɨB 
G,* GPA-3 F	GCY ,* ODR-1 Fȓ$
Ɉĵ0ĭț,*	³ǰ
ɣųțŒFşʱ	ɈĵȇțȡxhKz_vHdb PP1 FYk
B gsp-4 ː¯ĵ0ĭțFȓ$ (Ě 12, 13)
 
 20̀ɦŧ/ 2/ɡ$,	˚ ȑǄ07,G-ǔǶB0/Ņ	ASJ
ǰśĀŁm0ǰśŷĥ¯ˋɐʵ/țŒF=( gpa-3 ĭț´, odr-1 ĭ
ț´1-&@=˚ȑǄ?A=>>̇ȑĶȍFȯ$(Ohta, Ujisawa et al., 
2014)
ąǍ/	Ɉĵ/țŒF=(gsp-4ĭț´=̇ȑĶȍFȯ$(Ě12, 13)

gsp-4; gpa-3 ˙ĭț´, gsp-4; odr-1 ˙ĭț´1	ŸĮ.,/Ɉĵ0
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gsp-4 ĭț´0țŒƁáC	odr-1 ĭț´9$1 gpa-3 ĭț´,ąȷś0ȑ
ĶȍFȯ$(Ě 12, 13)
@/	ļ˛ȡ PCR ʕǁ0ɑǂ	Ɉĵ/țŒF=(
gsp-4 ĭț´+1	ASJ ǰśĀŁm+ȟȎ*B gpa-3 > odr-1 ː¯
ĵ0ȟȎyĭî*$(Ě 14, 15)
C@0ɑǂ@	ASJ ǰśĀŁm
0 GPA-3 , ODR-1 1ː¯ķȡ/Ɉĵ0 GSP-4 0ǧ+ǏɨBāɨ
ųȯđC$
 
 
Ɉĵźʑm0ȲɐǦë/ţ˶FB 
 ˙ĭț´Fȓ$ː¯ķȡʕǁ,ļ˛ȡ PCR ʕǁ0ɑǂ@	³ǰɣų/
*ASJǰśĀŁm0˛´GdrUʮɐʵɈĵ0ǧ+Ǐɨ
BāɨųȯđC$
"+	Ɉĵ0țŒ ASJ ǰśĀŁm/
Bţ˶/(*ʣ6B$</	Q]L~K^VFȓ*Ɉĵĭț´
0 ASJ ǰśĀŁm0ȲɐǦëFǱļ$(Ě 16)
Q]L~KiJ
Wd,*QPdrUʮF¸ȓ$(Miyawaki et al., 1997)
Q
PdrUʮ1ː¯ĵ/?'*YkC	N ƺ/ CFP	C ƺ/ YFP F=
(
@/	ĳ/Q]L~ɑĄdrUʮ+BQ^0˓+
BQ]L~KPɑĄ˓²(EF pkkK),	Q^,ɑĄ
B}P]ʸ˟Slb(M13)0Q^ɑĄ˓²F=(
QP
1	440 nm 0éʱÍFȂŇ$˨/	ɍɧÒ0Q]L~Ǽś³,/1
CFP 0˱ɷ(480 nm)0ʀÍFȟB
ƨ	ɍɧÒQ]L~Ǽś̇,
1	Q]L~KPQPÒ0 EF pkkK/ɑĄB,+	
M13 ,ɑĄB	"C/?'* CFP , YFP ˣ0ʴˬʽ)
0˨/	440 
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nm 0éʱÍFš*B, CFP 0˱ɷ(480 nm)0ʀÍNnT YFP /ȶë
*	YFP 0̋ɷ(535 nm)0ʀÍFȟB FRET(ʀÍÐ̉NnTȶë),
č2CBȎʩʱB
0˨0 YFP , CFP 0ʀÍ0ǘFÿB,+ɍɧÒ
Q]L~Ǽś0ĭîFļ˛îB,+B
ɶȡ/Ȳɐɍɧ1Q]
L~ǼśƭB,"0Ǧų=ƭB,ɢ@C*B$<	QP
Fȓ*ȲɐǦëFǱļB,+B
 
 QPː¯ĵF	Ɉĵ/țŒF=( gsp-4 ĭț´0 ASJ ǰśĀŁm
ȇțȡ/ȟȎ!$ː¯ĵňÎɉɒF·ʈ	ǰśâǺF$˨0 ASJ
ǰśĀŁmÒ0Q]L~Ǽś0ĭîFǱļ$(Ě 16)
C9+/
ʃEC$Q]L~K^Vʕǁ@	˚ȑġ0ǰśĀŁm ASJ
0ȲɐǦë1	ǰśâǺ/?'*ĭîB,ĥĊC*B(Ohta, Ujisawa 
et al., 2014)
ƻȬȺ+=	ASJ ǰśĀŁmȇțȡ/QPFȟȎ
!$˚ȑġɉɒ/ǰśâǺF$ĦĄ/	ǰśâǺ/ű$ɍɧÒQ]
L~Ǽś0ĭîʓńC$(Ě 16)
"C/Ņ*	ɈĵȇțȡxhKz
_vHdb PP1 /țŒF=( gsp-4 0ĭțɉɒ+1	˚ȑġɉɒ,ąǰś
âǺF*= ASJ ǰśĀŁm0űɁų1³*$(Ě 16)
@
/	gsp-4 ĭț´ȯ$ ASJ ǰśĀŁm0ǰśűɁų0³1	
spe-11 xdFȓ*Ɉĵȇțȡ/ gsp-4 ː¯ĵFȟȎ!$ gsp-4 ĭ
ț´+ėū$(Ě 16)
(9A	gsp-4 ĭț´0Ɉĵ0țŒFėū!B,+	
ASJ ǰśĀŁm0ǰśűɁų0³ėū$
C@0ɑǂ@	
ɈĵȇțȡxhKz_vHdb PP1 +B GSP-4 1	ASJ ǰśĀŁm
0ǰś/ŅBűɁų/ţ˶FB,ȯđC$
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 ː¯ķȡʕǁ,ȑȏķȡʕǁ@	³ǰɣų/*Ɉĵ ASJ ǰśĀŁm
0ȲɐǦë/ţ˶FB,ȯđC$
(/	Ɉĵ0ȈŻ
§0ȐĨűɁ/ţ˶FBāɨųFɢ	Ɉĵ ASJ ǰśĀŁmª
Į0ȲɐǦë	$,2ēʑm0űɁų.-/=ţ˶FBFʣ
6$
Ñ´ȡ/1	Ɉĵ/țŒF=( gsp-4 ĭț´	AWA ēʑm+
ĀŁCB^Iaf> AWC ēʑm+ĀŁCBKcI}IY
/ŅBîķʰų0țŒFȯFǱļ$(Ě 17) (Bargmann et al., 
1993; Kuhara et al., 2002)
îķʰųh_jFʃ'$ɑǂ	˚ȑġ1^Iaf
,KcI}IY/ŠʟşC$0/Ņ	gsp-4 ĭț´1-&@/
Ņ*=7,G-ʟşC.'$(Ě 17)
C@0,@	Ɉĵȇțȡx
hKz_vHdb PP1 +B GSP-4 1 AWA ēʑm, AWC ē
ʑm0ēʑűɁ/=ţ˶FBāɨųȯđC$
 
 
³ǰɣų/ˤEBɏɟˣFɞ_hKkzĀŁ´0ƐɌ 
 9+0ː¯ķȡʕǁ>ļ˛ȡ PCR ʕǁ	Q]L~K^VFȓ
$ʕǁ@	ɭɈĵ/ţ˶F	"0ŧɈĵ ASJ ǰśĀŁm/
vJkqgUB,+ȲɐǦë/ţ˶FB,ȯđC$
(9A	
Ȳɐ@ɭ5	ɭ@Ɉĵ5	Ɉĵ@Ȳɐ5,ɏɟˣngjU³
ǰɣų/ˤB,ɢ@C$
C9+/ ASJ ǰśĀŁm@ɭ5
0ŷĥ¯ˋ1K_F¦*ʃECB,Ư@/.'*B(Ohta, 
Ujisawa et al., 2014)
"C/Ņ*	ɭ@Ɉĵ50ŷĥ¯ˋ>	Ɉĵ@˼
˓0 ASJ źʑm50ŷĥ¯ˋ/ˤEBÚĵ1ąļC*.
C. 
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elegans 0´Ò/*	Ɉĵ, ASJ mˣ0ʴˬ1ȦŅȡ/İ	
Ȇȏȡ/ȥƑ0YdUjFƆ(,1+.$<	C@0ɏɟˣ/
Bŷĥ¯ˋFƄÚĵ,*	Úǡų]Vl0āɨųFɢ$
C9+0
ʕǁ@	_hKkzĄž/ˤEBskS]_hKk 17isk
XlbFYkB dhs-4 ː¯ĵ0ĭț	³ǰɣų/ţ˶FB,
ĥĊC*B(Ohta, Ujisawa et al., 2014)
"+	_hKkzĀ
Ł´+B Nuclear Hormone Receptor (NHR)0ː¯ĵ	³ǰɣų/B
ţ˶Fʕǁ$(Ě 18, 19)
 
 DNA |KUIKʕǁFȓ*	250ǰśâǺF$˨/ȟȎĭë
Bː¯ĵ(Ě 3, 4)F˚ȑǄ,K_ĀŁ´ daf-2 0ĭț´+ǘʹB,+
_jî	"0@ NHR FYkBː¯ĵFugUIgx$
ugU
IgxC$ː¯ĵ0ǐƖĭț´B1 RNAi /?BogUeLÂ´0³
ǰɣųFǱļ$(Ě 18, 19)
"0ɑǂ	20̀ɦŧ0 nhr-88 , nhr-114 0ĭ
ț´/* 2/ɡC$ŧ=̇ȑĶȍʓńC$(Ě 18)
0(0
nhr ĭț´0&	nhr-88 ĭț´+1	AWA ēʑm+ĀŁCB^
Iaf,	AWC ēʑm+ĀŁCBKcI}IY/ŅB
îķʰų³*$ (Ě 17)
NHR-88 1ɩʮʫɽ/ˤB,ĥĊ
C*B(Ashrafi et al., 2003)
NHR-114 1	̃0ȸ˾+ĭîBɭ0©ʥĭ
î/?Bȑǖɍɧ50ʪɺFɚďBŤåĥĊC*B(Gracida and 
Eckmann, 2013)
nhr-88 ː¯ĵ, nhr-114 ː¯ĵ0ȟȎɍɧFʣ6B$</	
ɗɷʀÍdrUʮ GFP F|Q,*ʕǁFʃ'$
nhr-114 ː¯ĵ/ˤ
*1	xdDNA ˔Ü,ː¯ĵÏˡ/ GFP ː¯ĵFʁĄ!$x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_}kF·ʈ	nhr-88 ː¯ĵ/ˤ*1	xdDNA ˔Ü,ː¯ĵ
0˓/ GFP ː¯ĵFʁĄ!$x_}kF·ʈ$
C@0x_}k
F˚ȑǄ/ňÎ GFP ȟȎ*BɍɧFʣ6$,D	-&@=ɭ/
* GFP 0ȟȎʓńC$(Ě 20)
 
 nhr-88 ː¯ĵ, nhr-114 ː¯ĵ	³ǰɣų/ˤEBȲɐ,ɭ,ɈĵF¦
$ɏɟngjU00-0ɏɟˣ0ŷĥ¯ˋFƄ'*BFʣ6B$<
/	³ǰɣų/ˤB"C#C0ɏɟ0ː¯ĵĭțFàȓ*ː¯ķȡ.N
u_d]_ʕǁFʃ'$(Ě 21, 23-26)
9 	Ɉĵ+1$@Ɉĵȇțȡx
hKz_vHdb PP1 FYkB gsp-4 ː¯ĵ0ĭț,	nhr-88 
nhr-114 ː¯ĵ0ĭțFȓ*˙ĭț´F·ž	"C@0³ǰɣųFǱļ
$(Ě 21)
nhr-88 ĭț´, nhr-114 ĭț´,Ɉĵ/țŒF=( gsp-4 ĭț´
1 20̀ɦŧ/ 2/ɡC$ŧ C=˚ȑǄ?ȦȑĶȍFȯ$
"
C/Ņ	gsp-4; nhr-88 ˙ĭț´, gsp-4; nhr-114 ˙ĭț´1-&@=
gsp-4 ĭț´,ąȷś0țŒFȯ$(Ě 21)
nhr ĭț1 gsp-4 ĭț/?'*Ɓ
áC$,@	gsp-4 ĭț1	ː¯ķȡ/	nhr-88 ĭț, nhr-114 ĭț0
ǧ/²ɡB,ɢ@CB
@/	ļ˛ȡ PCR ʕǁ@	Ɉĵ+ȟȎ*
B gsp-4 ː¯ĵ0ȟȎy nhr-88 ĭț´, nhr-114 ĭț´0ƨ+ĭî
*$(Ě 22)
C@0ɑǂ@	ɈĵȇțȡxhKz_vHdb PP1
+BGSP-41	ɭ+ȟȎB_hKkzĀŁ´NHR-88,NHR-114
0ǧ+Ǐɨ*B,ɢ@CB
Ǒ/	ASJ ǰśĀŁm0ǰśĀ
Łŷĥ¯ˋ/ˤEB GCY FYkB odr-1 ː¯ĵ0ĭț,	nhr-88 ː¯ĵ
> nhr-114 ː¯ĵ0ĭțFȓ*˙ĭț´F·ʈ	"C@0³ǰɣųFǱ
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ļ$(Ě 23, 24)
ASJ ǰśĀŁm0ǰśŷĥ¯ˋɐʵ/țŒF=(
odr-1 ĭț´1	20̀ɦŧ/˚ȑǄ?A=>>̇ȑĶȍFȯ$(Ě 24) 
(Ohta, Ujisawa et al., 2014)
	¥ėʃ'$ nhr-88; odr-1˙ĭț´0
Ľ̅+1	˄Œ0 2/ 48Ʋˣ˲ɡBƾ¬+1 odr-1ĭț´0İòǔǶ
*9	˚ȑġ,ǘ6*İ.țŒ1ʎ@C.'$$<	2/ 12 Ʋˣ˲
ɡBƾ¬+ʕǁFʃ'$
"0ɑǂ	nhr-88; odr-1 ˙ĭț´1 nhr-88 ĭ
ț´,ąȷś0³ǰɣųțŒFȯ$(Ě 23)
nhr-114; odr-1˙ĭț´1˄Œ
0 2+ 48ƲˣɡC$ŧ	nhr-114ĭț´,ąǍ0³ǰɣųțŒFȯ$(Ě
24)
"C#C0˙ĭț´ nhrː¯ĵ0ĭț´,ąǍ0³ǰɣųțŒFȯ
$,@	ː ¯ķȡ/ɭ+ȟȎB NHR-88, NHR-1141 ASJǰśĀŁm
0ǰśŷĥ¯ˋɐʵ+ǏɨB GCY+B ODR-10ǧ+ǏɨB
,ɢ@CB(Ě 23, 24)
C@0ɑǂ@	³ǰɣų/*ɭ+ȟȎB_
hKkzĀŁ´ NHR-88 , NHR-114 1	_hKkzF¦
*ǰśĀŁm ASJ@µ@0]VlFĀÿB,ȯđC$

C9+0ȬȺ@	ASJ ǰśĀŁm@ɭ50ǰśŷĥ¯ˋ1K
_F¦*ʃECB,Ư@,.'*B(Ě 2)(Ohta, Ujisawa et al., 
2014)
"+	ɭ0K_ĀŁ´ DAF-2 ,	(0_hKkz
ĀŁ´ NHR-88> NHR-114,0ː¯ķȡˤ¾Fʣ6B$</	daf-2ː¯ĵ,
nhr-88ː¯ĵ> nhr-114ː¯ĵ0ĭțFȓ*˙ĭț´F·ʈ	"0³ǰ
ɣųFǱļ$(Ě 25, 26)
daf-2ĭț´,"C#C0 nhrĭț´1	20̀ɦ
ŧ/ 2/ɡC$ŧ˚ȑǄ?A=̇ȑĶȍFȯ$
ƨ	nhr-88; daf-2
˙ĭț´, daf-2; nhr-114 ˙ĭț´1"C#C0õȊ0ĭț´?A=̇
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ȑĶȍFȯ$(Ě 25, 26)
nhr-88; daf-2 , daf-2; nhr-114 0ƨ0˙ĭț
´+³ǰɣų0țŒĩŠB,@	K_ĀŁ´ DAF-2 ,"C#C
0ǅÒĀŁ´ĀŁ´ NHR 1	ßɐʵ+³ǰɣų/ţ˶F*B,ȯđ
C$
 
 
Ɉĵĭț´0ɩʮɏž 
 əɿ C. elegans FĈ;į0ȑȆ/*	´FǌžBǍ.ɩɥ˗0ǘ
ȍ1³ǰɣų/İţ˶B,ĥĊC*B(Murray et al., 2007; Ohta 
et al., 2014)
C9+0ȬȺ+	ɭ+³ǰɣųFáŪB,Ư@,.'*
BK_ĀŁ´ DAF-2 0ǏɨFǐƖB daf-2 ĭț´/*	Â´F
ǌžBɩɥ˗0ǘȍĭîB,ĥĊC*B(Ohta, Ujisawa et al., 
2014)
"+	³ǰɣų/ˤB,ȯđC$ɈĵȇțȡxhKz
_vHdb PP1 /țŒF=( gsp-4 ĭț´/*=ɩɥ˗0ɩʮåĄFǱ
ļ$
˚ȑǄ, gsp-4 ĭț´0ɖɩʮFǘʹ$ɑǂ	16:1n-7 > 18:1n-9 .
- 11 ȸ˾0ɩɥ˗+ƷŹ.ŏFȯ$(Ě 27)
	SFA̍́ďɩɥ˗ 	̎
MUFA̍õ́ďɩɥ˗ 	̎PUFA̍į¼́ďɩɥ˗̎/İß$ĦĄƷŹŏ
1ʎ@C.'$
C9+0ȬȺ+1	-0?.ɩɥ˗³ǰɣų/˙ʌ
+B9%Ú'*.$<	Â0ɩɥ˗,³ǰɣų,0ˤˇųFąļ
B$</1	ă0©ʥɐʵ0ĭț´0³ǰɣųFʕǁBůʌB,ɢ
@CB
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ɢń 
³ǰɣų/Ɉĵ0 MSP ˤB 
 ɈĵŢž>Ǐɨ0ĭț´>	Ɉĵ/țŒF=( gsp-4 ĭț´,˚ȑǄ0˩,
0ƎĄE!/?BɈĵňÎĽ̅@	Ɉĵ³ǰɣų/ţ˶FB,
ȯđC$(Ě 5, 6)
@/	Ɉĵː¯ĵ0ĭț´, RNAi /?BogUeL
Â´0³ǰɣų0ʕǁ@	Ɉĵ0 MSP ³ǰɣų/ˤB,ȯđC
$(Ě 7, 8)
MSP 1Ɉĵȇțȡ.˳IUfų0ɍɧ̆ǆĘĵ+	ɈĵˉëF
ʃ«ʳ0ɍɧ̆ǆ,*ǏɨB(Italiano et al., 1996; Kelleher et al., 2000; 
Smith, 2006)
MSP 1ɈĵŢž0ÝƸ@ǉÙC	ǑųɍɧƸ@Ǒų
ɍɧƸ1Z^´ȕƿ0ŉɧ+B MO /˪Ą*ɑƴǍ0ɝɔ´ FB FŢ
ž MO ȕƿ0ɰǌˆ/ʍECB,+ FB-MO ,č2CBɈĵȇțȡɍɧŉ
ĔĻ,.B
ɈĵɍɧǕ¶ŉ´@ÙɸBƲ	FB-MO 1 SPE-15 /?'*
Ɉĵɍɧ/ʺˀC	"0ŧ FB ɫ˙Ą* MSP 1ɍɧʮ5,ƟÙC	«
ʳ0ɍɧ̆ǆ,*Ó˙ĄB
«ʳ0ɍɧ̆ǆ+B MSP 1«ʳÌȽ˓+˙
Ą	«ʳĤ˓+ɫ˙Ą*°ɛ	Ɉĵ0ˉëFáŪB(Ě 28)(Smith, 2006)

³ǰɣų/ţ˶FB,ȯđC$SPE-39,SPE-151FB-MO0Ţž
,ʺˀ/ˤB,@	MSP 0ǓŒ.Ǐɨ³ǰɣų/ţ˶FBāɨ
ųɢ@CB(Kelleher et al., 2000; Zhu and L'Hernault, 2003)
9$	«ʳ
FŢžB MSP 0ɫ˙Ą1ɈĵȇțȡxhKz_vHdb GSP-3 ,
GSP-4 /?'*áŪCB(Ě 28) (Wu et al., 2012)
0ɈĵȇțȡxhK
z_vHdb GSP-3 , GSP-4 1z˾0ɈĵȇțȡxhKz_vH
db PP10PcV+A	z˾/*1Ɉĵ0˵Ǚ/?Bˉëų
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,žȃFáŪB(Varmuza et al., 1999)
ɈĵȇțȡxhKz_vHd
bəɿ,z˾+ąǍ0ŤåFB,,	ˊú/ʃEC$ȬȺ+sj,ə
ɿ0ˣ+Ð˄BQm`~įʎ('*B,@	sj0ǰśˍű
/=ɈĵˤBÐ˄0Qm`~ĶĞB,FƸŦ*B
9$	
MSP 1ɈĵˉëFáŪB«ʳ0ɍɧ̆ǆªĮ/	Ɉĵ@ÚǡCB,+
ŷĥ¯ˋȆʮ,*ǏɨB,ĥĊC*B(Kosinski et al., 2005)

MSP /?Bŷĥ¯ˋ1Ɉĵɍɧ>žȃɈĵ@ÚǡC	÷ɍɧ+ǯƢÚʆ0
žȃ>ȑǖɮ˴ɍɧ+÷ɍɧFʫɈĕ5ƍ÷F¿ˈB
ː¯ķȡʕǁ>ļ˛
ȡ PCR ʕǁ	Q]L~K^VFȓ$ʕǁ.-@	³ǰɣų1Ɉĵ
FĈ;ʉƢ0ɏɟȦ·ȓ*áŪ*B,ȯđC*B(Ě 9-16)

C. elegans 0Ɉĵ1ʫɈĕ/ĶĞ	Ȳɐɉ,ʴˬB$<Ȇȏȡ/ȥƑ0
YdUjFƆ(,1+.
"0$<	MSP 0?.Úǡz/?
'*ċʼɏɟ,ŷĥ¯ˋFBāɨųɢ@CB
C9+0ʕǁ@	_
hKkzĄž/ˤEBː¯ĵ0ĭț³ǰɣų/ţ˶FB,
ĥĊC*A(Ohta, Ujisawa et al., 2014)	ʫɈĕFʲ$ŷĥ¯ˋFʃ
,@	Ɉĵ,§0ɏɟ0ŷĥ¯ˋ/1_hKkzˤ*Bā
ɨųɢ@CB
 
 ¥ė0ȬȺ+	Ɉĵ³ǰɣų/ˤB,ȯđC$
"+	Ɉĵ
/Ȇȏȡ.ƖÇF$,/?B³ǰɣų0ţ˶/(*=ǉʛFʃ'$

Ɉĵ/Ȇȏȡ.ƖÇFBƨǢ,*	Ɉĵ/ŅB\ȂŇ/?Bɍ
ɧȭĪFʃ'$(Ě 29)
Ľ̅/1Ɉĵȇțȡ/ʀÍFȟȎB˚ȑġ0ː¯ĵ
ňÎɉɒF¸	25 M 0 NaH3+̊˕$+ʀÍFdXgj/\Ȃ
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ŇFʃ'$
Ɉĵ0ƖÇ1ʀÍ0ǯŊFʓńB,+Ȯʞ$(Ě 29)

\ȂŇŧ/ 20+̀ɦ*@ 2+ 48 Ʋˣ0³ǰâǺFĦĄ	̊ ˕0
:0gUØȏFʃ'$YjÂ´1Ɋ 15̌0ȑĶȍFȯ$0/Ņ	
Ɉĵ/\ȂŇFʃ'$Â´+1Ɋ 42̌0ȑĶȍFȯ$(Ě 29)
(9A	
\ȂŇ/?BɈĵ0Ȇȏȡ.ƖÇ	20̀ɦŧ0³ǰɣų/Bȑ
ĶȍFƭ!B,Fȯđ$
	əɿ C. elegans 1Ɋ 300 Â0Ɉĵ
FŢžB0+	\ȂŇ+Ï*0Ɉĵ/ƖÇFB,1˭'$
(Ě 29)
@/	\1Ɉĵȇțȡ/ȟȎ!$ʀÍ/ȀǽFĄE!*ʃ
'$	Ɉĵ0ĶĞ*BʫɈĕ0ċʼɏɟ/=ƖÇF$āɨųA	
"C@0ƖÇ³ǰɣų/ţ˶F$āɨų=ɢ@C$
 
 ³ǰɣų/Ɉĵ0ˤȯđC$,@	ɈĵŢž0ãŧ+³ǰɣų
ĭîBāɨųɢ@C$
"+	ɈĵŢžʃECB L4 ŘɿƸ?Aã0
L3 ŘɿƸ0³ǰɣų/(*=Ǳļ$(Ě 30)
15̀ɦŧ, 20̀ɦŧ0
˚ȑǄ0 L3 Řɿ/ 248 Ʋˣ0³ǰâǺF$ɑǂ	15̀ɦŧ0 L3 Řɿ
0ȑĶȍ1žɿ?A³B,ʓńC$(Ě 30)
.@	L3 Řɿ
@žɿ51ɫȣFɐ*´ǌˆİĭîB$<	ɈĵŢžªĮ0ţ˶=
İ,ɢ@CB
9$	žɿ, L3 Řɿ+1´0[K`=İˌ,
@	ȐĨǰś/?Bţ˶F L3 Řɿ0ƨİĀBāɨųɢ@C$

C@0,@	L3 ŘɿƸ0³ǰɣų1ɈĵªĮ/=³ǰɣų/ţ˶FB
ʌɋİ	ɈĵŢž0ãŧ+³ǰɣų-0?/ĭîB/(*1
Ư@/+.'$
 
 į0ȑȆ	ȇ/əɿ0?.ņĎȫĵĸFįǕ?.ȑǦǍŞ0
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ȑȆ1Â´0ȑĶ?A=ȑǖ/˳Œ/į0NnTF˔ÚB
	
_j_ȐĨ/*	ȑǖɨæ0ǯŊ,ˇë*ȑĶɨæƭBĥĊ
ĶĞB
¹,*	˄Œ0̀ɦƾ¬?Ã0˛Fǯ@$Â´1	ņĎ
ŝˡȑǖɨæǯŊB(Thondamal et al., 2014)
L1ŘɿƸ/˿̄Fɐ̅
$Â´0ĵĸ©1ȑǖɨæ,Â´[K`ǯŊ̇ǰ.-/ŅB_j
_ɣųƭB(Jobson et al., 2015)
"+	Ɉĵː¯ĵ0ĭț´+ȑB
ȑǖɨæ0ǯŊ³ǰɣų/ţ˶FB-FȮʞB$</	˚ȑġ
,Ɉĵː¯ĵ0ĭț´Ȓ;ĀɈ÷	ƹĀɈ÷0ƢFǱļBx^MmQ
LjFʃ'$ (Ě 31)
C. elegans0˫˩ą´0Ɉĵ1 L4ŘɿƸ/·@C	
"078Ï*ĀɈB0+	ĀɈ÷0ɖƢFǓŒ.Ɉĵ0Ƣ,*ɢB
,+B
x^MmQLj0ɑǂ	˚ ȑǄ0ĀɈ÷Ɋ 300Â/Ņ	
spe-6ĭț´ªĮ0Ɉĵĭț´+ĀɈ÷Ƣ1ǯŊ$
	20̀ɦŧ/2
/ 48ƲˣɡC$,0ȑĶȍ,	ɖȒ÷Ƣ?3ĀɈ÷Ƣ/Ȧˤˤ¾1ʎ@
C.'$
Ñ´ȡ.¹+1	20̀ɦŧ/ 2/ɡC$ gsp-4 ĭț´1Ɋ
70̌0ȑĶȍFȯ$0/Ņ	Ȓ÷Ƣ1Ɋ 200 Â+7,G-ĀɈ÷+'
$
ƨ	³ǰɣų/țŒFȯ.'$ spe-4 ĭț´0Ȓ÷Ƣ1Ɋ 20 Â+	
78ƹĀɈ÷+'$(Ě 31)
ąǍ/	Ȓ÷ƢŊ.*=³ǰɣųǓŒ.
ĭț´ʉƢ'$,@	Ɉĵ0țŒ/?BȒ÷Ƣ0ǯŊ,³ǰɣųțŒ
/ȥƑȡ.ˤ¾1.,ɢ@C$
¥ė0ȬȺ+1ȑǖɨæ,³ǰɣų/ˤ
ˇų1ʎ@C.'$	ãʿ0?/ȑǖɨæ0³+_j_ɣųƭ
BĥĊ1	ƻƿȑǖ/¸ECBNnT0c_Â´0ȑĶ/˔Ú
CB,+ȑBȎʩ%,ɢ@CB
Ɉĵː¯ĵ0ĭț/?AɈĵŢž/ț
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ŒȑC2	"0ŧ0žˡ1ɈĵțŒ0ţ˶FĀB0+NnTc
_FÂ´0ȑĶ0$</˔ÚBāɨųFɢ@C	³ǰ_j_50űɁ/
=.G@0ţ˶FBāɨųɢ@CB
	ɈĵŢžĺ*
B gsp-4 ĭț´0˫˩ą´0žɿ/˚ȑġ0˩F¢ŋ!*ɈĵFňÎB
,+³ǰɣųBȷśėū$(Ě 6),@	ɈĵŢž0țŒ?A=Ɉĵ
Ǐɨ0ƨİ³ǰɣų/ţ˶FBāɨųȯđC$
 
 
³ǰɣų+1ɭ@Ɉĵ5ŷĥ¯ˋCB 
 C9+0ȬȺ@	ǰśĀŁm ASJ @ɭ5K_ɐʵF¦
*ǰśŷĥ¯ˋCB,Ú'*B(Ě 2) (Ohta, Ujisawa et al., 
2014)
K_ɐʵ1eŘɿŢž/=ˤB,Ȫ@C*A	e
Řɿ+1ųžȃÅǒB,@	K_ɐʵ/?'*Ɉĵţ˶
FĀB,ȯđC*B(Hu, 2007)
9$	DNA |KUIK0ǘʹ
ʕǁ0ɑǂ=	į0Ɉĵː¯ĵ0ȟȎK_ɐʵ/?'*ţ˶FĀ
B,Fȯđ$(Ě 3)
ː¯ķȡʕǁ,ļ˛ȡ PCR ʕǁ@	ɭ0K_
ɐʵ0ǧ+Ɉĵ³ǰɣų/ţ˶FB,ȯđC$(Ě 9, 10, 11)

9$	ļ˛ȡ PCR ʕǁ+1	K_ĀŁ´ daf-2 ĭț´/*Ɉĵ0
gsp-4 ː¯ĵ, gsp-3 ː¯ĵ0 mRNA ȟȎ˛ĩç$̍Ě 10, 11 
̎	
³ǰɣųh_j/ȓ$ daf-2 ː¯ĵ> gsp-3 ː¯ĵ	gsp-4 ː¯ĵ0ĭț´1
 C=ǏɨǯŊġ0ĭț+	³ǰâǺŧ0ȑĶȍƭ$
0,@	
daf-2 ĭț´+ gsp-3 ː¯ĵ, gsp-4 ː¯ĵ0ȟȎĩç*=³ǰɣų+ȑĶ
ȍƭB,,1ʎȩȧB?/=ʎ@CB	daf-2 ĭț´ş
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ʱțŒFµ@0Ţ+ȦǗB$</ȟȎĩç*Bāɨųɢ
@CB
0?.ː¯ĵ0ǐƖ/?'*ȑBțŒFȦǗB$<0ȟȎĩ
ç1§0Úĵɐʵ/*=ʎ@CB,B(Sergina et al., 2007)
 
 
Ɉĵźʑm/Bţ˶ 
 ː¯ķȡʕǁ	ļ˛ȡ PCR ʕǁ	Q]L~K^VFȓ$ʕǁ/?
A	Ɉĵ@ǰśĀŁm ASJ 50vJkqgUĶĞB,ȯ
đC$(Ě 12-16)
əɿ C. elegans /*	ȑǖɨæ1ȐĨŷĥFĀŁ$
Ȳɐėʵ/?'*YjCB,1ĥĊC*$(McKnight et al., 
2014)	ǰśˍű/*ȑǖɨæ0țŒȲɐɉ/ţ˶FB,ĥĊ
1Ý<*0W_+'$
vJkqgU]_h~1	ɲʶ0ȈŻFýƱ
*ȐĨ/ˍÛ/ˍűB$<0ȑ´Qm`~+B$<	ǰśˍűªĮ+=
Ɉĵ0ȈŻ§0ȐĨűɁ/ţ˶FBāɨųɢ@C$
Ɉĵȇțȡx
hKz_vHdb PP1 FYkB gsp-4 0ĭț´0ēʑűɁ0ʕǁ
@	Ɉĵ0 GSP-4 0țŒ ASJ ǰśĀŁm%+. AWA ēʑm
, AWC ēʑm/?'*áŪCBēʑűɁ/=ţ˶FB
āɨųȯđC$(Ě 17)
¥ė0ēʑűɁĽ̅+ʎ@C$ gsp-4 ĭț´0^
Iaf,KcI}IY/Ņ*ʟşC..B,îķʰų0
țŒ/=µ@0ŹČB,ɢ@CB
əɿ C. elegans 0˫˩ą´1	Ɉ
ĵF L4 ŘɿƸ/0:·B0+˚ȑġ1Ɋ 300 Â,ƢǞ9'*B	žɿ+
÷ɍɧF·Aɓ*B
9$	gsp-4 ĭț´1x^MmQLj@ĀɈ
÷Ƣ	(9AɈĵǯŊ*B,Ú'$(Ě 31)
(9A	gsp-4 ĭț´
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1ǓŒ.Â´?AɈĵŊ.	˚ȑǄ,ąȷś0÷ɍɧFȑȒB,÷ɍɧ
¶'*BȈŻ0žɿ,B
.@2	ɜǖ0$</Ɉĵ0Ȍũ	(9A
˩,0¢˔FȹǊȡ/ʃB?.ʃëĭîFʱ	îķʰų/ĭîȑ
$āɨųɢ@CB
 
 9$	ƻȬȺ+1³ǰɣų/*Ɉĵ ASJ ǰśĀŁm0ȲɐǦ
ë/ţ˶FB,,	ː¯ķȡ/ɭ0ǧ+ǏɨB,=ȯđC$(Ě
9-11)
"+	K_ĀŁ´/țŒF=( daf-2 ĭț´0 ASJ ǰśĀŁm
0ȲɐǦëFQ]L~K^V+Ǳļ$(Ě 32)
Ɉĵ0 gsp-4
ĭț´,ąǍ/ 300 ȵ* 17@ 230ǰśĭîF$ɑǂ	daf-2 ĭ
ț´0 ASJ ǰśĀŁm0ȲɐǦë1˚ȑǄ?A=³űɁųFȯ$
(Ě 32)
űɁų³$ȏȕ,*	ɭ0K_ɐʵɈĵ/ţ˶F
$,+Ɉĵ@Ȳɐ50vJkqgU/?AȲɐǦëĭî$ĦĄ,	
K_ɐʵ@vJkqgUʃEC$ĦĄ	B1"0ƨȲɐ
/ţ˶F$āɨųɢ@CB
	¥ė0ȬȺ+1 daf-2 ĭț´+
ASJ ǰśĀŁm0ǰśˍű³$ȏȕ1ȇļ/ɳ@.'$
 
 
ɑʠ 
ǰśˍű0ɏɟngjU/BɈĵ,Ȳɐˣ0vJkqgU]
_h~ 
 ǰś1ȑ´ýű/ȥƑţ˶Fü8$<	ëȆ1ȐĨǰś0ĭî/ŅBˍ
ű0$</	įƢ0ɏɟ/?BɒĄȡ.ǰśˍűQm`~FƷ*B,ɢ
@CB
¥ė0ȬȺ+1	əɿ C. elegans 0³ǰɣų/*	Ɉĵ³ǰ
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ɣų/ţ˶FB,,	ɈĵȇțȡxhKz_vHdb GSP-4 0ț
Œ ASJ ǰśĀŁm0ȲɐǦë/ţ˶FB,Ư@,.'$
(Ě 5-8, 16)
C9+0ȬȺ,	¥ė0ː¯ķȡʕǁ>ȑȏķȡʕǁ@ũ@
C$ȪʎFɏ:ĄE!B,+	³ǰɣų/*	ª/ʙʿB?.v
JkqgU]_h~FĈ;ɏɟngjUiɢ@C$
ASJ ǰś
ĀŁmȐĨǰśFĀŁ	K_,_hKkzF¦
*ɭ/ŷĥ¯ˋC	ɭɈĵ/ţ˶F	"0ŧ	Ɉĵ ASJ ǰśĀŁ
m0ǰśŷĥ¯ˋ/ţ˶FB(Ě 33)
C. elegans 0Ɉĵ1ʫɈĕ
/ĶĞ	˼˓0 ASJ ǰśĀŁm,Ȇȏȡ/ʴˬB$<	
/Ȇȏȡ/ȥƑ0YdUjFƆ(,1+.,ɢ@CB
ƨ+	¥
ė³ǰɣų/ˤEB,ʎ('$ MSP 1	÷ɍɧ0žȃ,ƍ÷/ˤEBɀ
ɤˉë0áŪ/ˤ*	Úǡų0]VlÚĵ,*È	÷ɍɧ>ƍ÷Ƀ0
ɀɤ/ȥƑ·ȓB,ĥĊC*B(Kosinski et al., 2005)
C@0
,@	MSP /?BÚǡų0]VlȲɐɉ50vJkqgU/ˤE'*
Bāɨų=ƈ@CB
9$	Ɉĵ@ ASJ ǰśĀŁm50vJ
kqgU/1	Ɉĵ§0ɏɟF¦*	ˣƑȡ/ ASJ ǰśĀŁm0
ȲɐǦëFʣɄBāɨų=ɢ@CB
 C/ˤ*=	Ȇȏȡ/ʴˬ0
ˬC$ɏɟˣ0ŷĥ¯ˋůʌ+B,@	Ɉĵ@Ȳɐɉ50vJk
qgUáŪ/1	Úǡų0ŷĥ¯ˋĘĵ¦Ğ*Bāɨųɢ@CB

"+	ŷĥ¯ˋ/_hKkzˤ*B0+1.,ɢ$
	ŷĥ¯ˋĘĵ0ąļ/1ɳ@.'$
 
 ǰśɣų/*Ɉĵ@Ȳɐ50vJkqgUȯCB01Ý<*0
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W_+B
+ɢ@C$ɏɟngjUi1	Ɉĵ0ȈŻȲ
ɐ/vJkqgUB,+	ȐĨ/ŅBɜǖʃëFƶˍîBQm`
~+1.,ɢ@CB
Ĥƻȡ.ȑȏȡ(ÚĵȑȆķȡQm`~0į
1əɿ C. elegans@sjFĈ;̇ȿëȆ/ɳB9+ÀĶC*B$<	
̇ȿëȆ/*=ąǍ0ǏǌĶĞBāɨųƸŦCB
ƻȬȺ@ʎ
('$ǰśˍű/ˤBɏɟngjU,vJkqgUǏǌFi/
ʕǁFˈ<B,+	ëȆ0ǰśˍűQm`~>	ǰśˤEBȝŶ0ʕǁ
/àȓ+Bāɨųɢ@CB(Ě 33)
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Ƽƥ,ƨǢ 
 
¸ȓ$ C. elegans ɉɒ 
wild-type N2 Bristol, BA17 fem-1(hc17), CB4108 fog-2(q71), FX01505 
gsp-3(tm1505), FX05415 gsp-4(tm5415), gsp-4(y418), SS712 ife-1(bn127), RB2191 
msd-4(ok2971), BA819 spe-11(hc77), DR1572 daf-2(e1368), IK038 daf-2(e1370), 
NL335 gpa-3(pk35), CX2336 odr-1(n1936), VC1290 nhr-125(gk578), FX00886 
nhr-19(tm886), MH1955 nhr-25(ku217), FX01033 nhr-88(tm1033), VC1759 
nhr-95(gk836), FX016661 nhr-121(tm6661), VC1554 nhr-155(ok2026), FX01819 
nhr-156(tm1819), VC2567 nhr-209(gk1135), RB1407 nhr-60(ok1600), RB1425 
nhr-60(ok1622), FX02174 nhr-65(tm2174), VC1760 nhr-114(gk849), VC1565 
nhr-116(gk728), VC1591 nhr-116(gk746), FX01185 nhr-205(tm1185), VC2761 
nhr-243(gk1213), VC1095 nhr-62(gk478), RB1592 nhr-64(ok1957), RB1578 
nhr-69(ok1926), VC1140 nhr-132(gk523), FX01698 nhr-136(tm1698), FX00699 
nhr-152(tm699), VC1364 nhr-206(gk603), VC1751 nhr-246(gk856), JK3231 
puf-8(q725), SL754 spe-39(eb9)/nT1[unc-?(n754) let-?], SL753 
spe-39(tx12)/nT1[unc-?(n754) let-?], spe-6(hc163), BA714 sDf5/spe-4(hc78), BA763 
spe-5(hc93); sDp2, VC2253 spe-17(ok2631), BA744 spe-10(hc104), BA6 fer-6(hc6), 
BA15 fer-15(hc15), BA840 spe-26(hc139), SL3 spe-15(hc75), BA1 fer-1(hc1), BA785 
spe-8(hc40), BA783 spe-12(hc76), BA963 spe-27(it132), BA962 spe-29(it127), PS4330 
spe-41(sy693); him-5(e1490), BA708 spe-9(hc52), AD271 spe-38(eb44); him-5(e1490); 
asEx78[spe-38p::spe-38(cDNA)::spe-38 3’UTR + myo-3p::GFP], BA14 fer-14(hc14), 
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SL1138 spe-42(tn1231)/ nT1[unc-?(n754) let-? qIs50], EG4883 
oxIs318[spe-11p::mCherry::histone + unc-119(+)]; unc-119(ed3). 
 unc-?(n754)!, let-?1ʅȎġȮļ*Bƹąļ0ĭț!
 
¸ȓ$x_}k !
pPD95.75! !
pPD49.26!
pBluescript! SK+!
pSND01![spe%11p::gsp%4cDNA]!
nhr%88(anterior8half)%GFP8
nhr%114(full)%GFP!
!
·ʈ$ɉɒ !
gsp%4(tm5415);8daf%2(e1368)!
gsp%4(tm5415);!gpa%3(pk35)!
gsp%4(tm5415);!odr%1(n1936)!
gsp%4(tm5415);!nhr%88(tm1033)!
gsp%4(tm5415);!nhr%114(gk849)!
nhr%88(tm1033);!odr%1(n1936)!
nhr%114(gk849);!odr%1(n1936)!
nhr%88(tm1033);!daf%2(e1368)!
daf%2(e1368);8nhr%114(gk849)!
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gsp%4(tm5415);8Ex[rx-1p::yc3.60]8
gsp%4(tm5415);8Ex[spe%11p::gsp%4cDNA,8trx-1p::yc3.60]8
N2;8Ex[nhr%88(anterior8half)%GFP,8trx%1p::dsRed,8ges%1p::tagRFP(30ng/Ol),8pRF48
rol%6(gf)]8
N2;8 Ex[nhr%114(full)%GFP,8 trx%1p::dsRed,8 ges%1p::tagRFP(30ng/Ol),8 pRF48
rol%6(gf)]8
!
¸ȓ$İɭɻ !
OP<50!Ǆ! :!əɿ0̃,*! NGM!xj/ħŐ$
!
!
¸ȓ$˽Ŭˠ !
˂ˊŞĽ´˽Ŭˠ! (Leica:!MZ16)!
Olympus IX81 ˽Ŭˠ!
ÐȀǽ\˽Ŭˠ(FV1000-IX81 with GaAsP PMT, Olympus)!
!
¸ȓ$ģğ !
̍1̎Nematode!Growth!Medium!(NGM)!Plate!(1000!ml)!
3!g0 NaCl	20!g0 agar(­˒Ńı)	2.5!g0 Bacto!Peptone(BD!Falcon)	
975! ml 0 H2O Fʔv_Y.-ɣȄŁĔ/ÎCƙƅĵ+ǬĄ	40
ÚPjUw+çȄǶɻ$
"0ŧƙƅ.@Ɋ 50!/Õ9
*@ 1!ml0MgSO4!(1!M)	1!ml0 CaCl2!(1!M)	1!ml0 Cholesterol!(5!
mg/ml!in!EtOH)	25!ml0 Potassium!Phosphate!(1!M,!pH!6.0)Fç$
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CFȥť 6!cm0]/ 14!ml	B1 3.5!cm0]/ 6!ml
 (ɲëÚǤǏ+ÚǤ*ě<$
!
!
̍2̎ODR!Plate!(1000!ml)!
20!g0 Difco!Bacto!Agar	1000!ml0 H2OFʔv_Y.-ɣȄŁĔ
/ÎCƙƅĵ+ǬĄ	40 ÚPjUw+çȄǶɻ$
"0ŧƙ
ƅ.@Ɋ 50!/Õ9*@ 1!ml0MgSO4!(1!M)	1!ml0CaCl2!(1!
M)	! 25!ml0 Potassium!Phosphate!(1!M,!pH!6.0)Fç$
CFȥť
9!cm0]/ 12!ml (ɲëÚǤǏ+ÚǤ*ě<$
!
!
!
¸ȓ$xK| !
̍1̎į˙ĭț´F·ʈB˨/ȓ$ȇļ0ĭțFǉÙB$<0xK|!
xK|0Ćã KHR220_gpa<3_new_fwd_primer! !
DNA0˔Üŷĥ GCAGAGGACAAAGAACTGAC!
!
xK|0Ćã KHR221_gpa<3_new_rev_primer! !
DNA0˔Üŷĥ TACAAACCGCATCCTTGC!
!
xK|0Ćã KHR155_gpa3(pk35)_internal_fwd! !
DNA0˔Üŷĥ TGGTTCATCAATACTTCAATGAT!
!
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xK|0Ćã KHR132_gsp<4tm5415_fwd1! !
DNA0˔Üŷĥ AGCAGGCAGGATTTTATGC!
!
xK|0Ćã KHR133_gsp<4tm5415_rev1! !
DNA0˔Üŷĥ TGGCAAACGGAAAAACGC!
!
xK|0Ćã KHR134_gsp<4tm5415_int_fwd2! !
DNA0˔Üŷĥ TACTGTCCGTGGATGTCTCC!
!
xK|0Ćã KHR137_odr<1n1936_RsaI_fwd! !
DNA0˔Üŷĥ TCCTACGCTATCAACGCAG!
!
xK|0Ćã KHR138_odr<1n1936_RsaI_rev!
DNA0˔Üŷĥ !
TCCGATTTTTTTTTTTGTCTAAAACTTTCATTTTGAAGTA!
!
xK|0Ćã KHR011_daf2e1368_AclI_fwd! !
DNA0˔Üŷĥ TAAAGAAGACCGAGTCCGC!
!
xK|0Ćã KHR012_daf2e1368_AclI_rev!
DNA0˔Üŷĥ !
TTGAACATGTTCCGGAATTTACGACGTATTGAGGCAACGT!
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!
xK|0Ćã KHR320_nhr<114gk849_fwd1!
DNA0˔Üŷĥ ACCTTGGGTTCCGGAATATC!
!
xK|0Ćã KHR321_nhr<114gk849_rev1!
DNA0˔Üŷĥ GAACCAGTCTCTCTCGTGCC!
!
xK|0Ćã KHR322_nhr<114gk849_int_fwd2!
DNA0˔Üŷĥ AAGTGACGAAGGAGCAAGCACC!
!
xK|0Ćã KHR431_nhr<88_tm1033_int_fwd4!
DNA0˔Üŷĥ TGAGCCAAATCCTAAGCCTACGC!
!
xK|0Ćã KHR432_nhr<88_tm1033_fwd2!
DNA0˔Üŷĥ CTCCTTCGACGGTTTATACCTATGG!
!
xK|0Ćã KHR433_nhr<88_tm1033_rev2!
DNA0˔Üŷĥ GAAGCTCCCTTCAAGTTTACCTAGG!
!
!
!
!
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̍2̎ȇļː¯ĵ0ȟȎ˻Ģ/ GFP|QFȟȎ!B$<0xK|!
nhr-1140 3’UTR ˻Ģ 1 kbp  
xK|0Ćã KHR316_nhr-114_1K_fwd 
DNA0˔Üŷĥ TCGTAGAATTCCTGCTCACAAATTGTGAAGTG 
 
xK|0Ćã KHR317_nhr-114_1K_rev 
DNA0˔Üŷĥ CGAAAGGGCCCGAATCCTAAAATTGGCCTG 
 
nhr-1140ǧ 4 kbp FĈ; 6.6 kbp 0 PCR vVj 
xK|0Ćã KHR318_4K+nhr-114_fwd 
DNA0˔Üŷĥ !
ATGCCTGCAGGTCGACCAGATAAATCAAGTGATTTCCC 
 
xK|0Ćã KHR319_4K+nhr-114_rev 
DNA0˔Üŷĥ CCGGGGATCCTCAATTTGTGAGCAACAACGCTCG 
 
nhr-880 3’UTR ˻Ģ 1 kbp  
xK|0Ćã KHR364_nhr-88_UTR_EcoRI_fwd primer 
DNA0˔Üŷĥ !
AGCATTCGTAGAATTCTCATCGTTTTTTTTGTTGTTGTG 
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xK|0Ćã KHR365_nhr-88_UTR_SpeI_rev primer 
DNA0˔Üŷĥ CGTACGGCCGACTAGTACAAGAGAAACGGGG 
 
nhr-880ǧ 4 kbp FĈ; 6.7 kbp vVj 
xK|0Ćã KHR414_nhr88a_Inf_fwd 
DNA0˔Üŷĥ !
ATAAGCTTGCATGCCTGCAGGTTTCCAGGTTCCAACGCCC) 
 
xK|0Ćã KHR415_nhr88a_Inf_rev 
DNA0˔Üŷĥ !
TTTGGCCAATCCCGGGGATCCTACGCGTTTCAGTGTCCGAAAGGG!
!
̍3̎Q]L~K^V/ȓBɈĵȇțȡ gsp%4 _Sɉɒ0·ʈ
0$<0xK|!
spe-110xd˻ĢFĈ; 294 bp vVj 
xK|0Ćã KHR848_spe-11promoter_SbfI_fwd 
DNA0˔Üŷĥ CCCCCCTGCAGGGTCGACAGAACATTTTTCCG 
 
xK|0Ćã KHR849_spe-11promoter_XmaI_rev 
DNA0˔Üŷĥ TCCCCCCGGGTTTATCTAGTCGGTTTGCG 
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gsp-40 cDNA ˻ĢFĈ; 936 bp vVj 
xK|0Ćã KHR852_gsp-4cDNA_XmaI_fwd2 
DNA0˔Üŷĥ TCCCCCCGGGATGACAGCGACAATCGATGTCG 
 
xK|0Ćã KHR853_gsp-4cDNA_KpnI_rev2 
DNA0˔Üŷĥ GGGGTACCCTATCCTTTACGAAGAGACTTCGG 
!
̍4̎ļ˛ȡ PCRʕǁ/ȓBȇļː¯ĵǉÙȓxK|!
gpa%3 ǉÙȓxK|!
xK|0Ćã KHR634_gpa-3_fwd_RT-PCR 
DNA0˔Üŷĥ GCCAATCTGCAGAGGACAAA 
 
xK|0Ćã KHR635_gpa-3_rev_RT-PCR 
DNA0˔Üŷĥ GCAGTAAATCCGTGATCGTGA 
 
gsp%4 ǉÙȓxK|!
xK|0Ćã KHR638_gsp-4_fwd_RT-PCR 
DNA0˔Üŷĥ GCAACCGTCGTTACAAGTCG 
 
xK|0Ćã KHR639_gsp-4_rev_RT-PCR 
DNA0˔Üŷĥ GTTTGGAGGTGTGGGGAGAG 
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odr%1ǉÙȓxK|!
xK|0Ćã KHR724_odr-1_fwd2_Q-PCR 
DNA0˔Üŷĥ GCGAAGACCCCTACCATTTA 
 
xK|0Ćã KHR725_odr-1_rev3_Q-PCR 
DNA0˔Üŷĥ CGCTGGCAACATTTCATTTA 
KHR724, KHR7251ʤƤ?Aşȓ(Juang et al., 2013)
 
!
!
!
PCR!solition,[|[KU0ǰśxV~!
(1) ȬȺľ+Ɉʈ$ r!taq{bFȓ$! PCR!
1!]l0 10r!taq!buffer	0.6!]l0MgCl2!(25!mM)	0.5!]l0 dNTPs!(2.5!mM)	
Ȥȡ0ː¯ĵFǉÙB$<0xK|Fă 10!]M+ 0.5!]l (	0.25!]l
0 r!taq	5.65!]l!0 dH2OF 200!]lfw+?ǬĄ	hxj,
.B DNAF 1!]lç$
Ȥȡ0ː¯ĵ˙ʉʷȶF*BȮʞFʃ
ĦĄ1vOkxK|,q_xK|0˛ȿ.B?
/ 0.5!]l	0.25!]l	0.25!]l,$
[|[KU0ǰśxV~1	
9 94 F 2 Ú	"0ŧ 94 F 15 ȵ	58 F 30 ȵ	72 F 1 Ú9
+F 1[KU, 42ėɠAʾ	15+ÀĶ$
 
!
!
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(2) ! Ex!taq!Fȓ$ PCR!
1!]l0 10Ex!taq!buffer	0.5!]l0 dNTPs!(2.5!mM)	Ȥȡ0ː¯ĵFǉÙ
B$<0vOkxK|,q_xK|Fă 10! ]M + 0.5! ]l
 (	0.1!]l0 Ex!taq	6.4!]l!0 dH2OF 200!]lfw+?ǬĄ	h
xj,.B DNAF 1!]lç$
[|[KU0ǰśxV
~1	9 94 F 2Ú	"0ŧ 94 F 15ȵ	58 F 30ȵ	72 F 1
Ú9+F 1[KU, 42ėɠAʾ	15+ÀĶ$
 
!
(3) KOD<plus<NeoFȓ$ PCR!
1!]l0 10KOD<plus<Neo!buffer	0.1!]l0 dNTPs!(2!mM)	Ȥȡ0ː¯ĵ
FǉÙB$<0vOkxK|,q_xK|Fă 10! ]M
+ 0.3!]l (	0.2!]l0 KOD<plus<Neo	6.2!]l!0 dH2OF 200!]lfw
+?ǬĄ	hxj,.B DNAF 1!]lç$
[|[KU
0ǰśxV~1	9 94 F 2Ú	"0ŧ 98 F 10ȵ	62 F
30 ȵ	68 F 30 ȵ9+F 1 [KU, 42 ėɠAʾ	15+ÀĶ
$
 
!
(4) LA!taq!PCR!
1!]l0 10LA!buffer	0.8!]l0 dNTPs!(2.5!mM)	0.7!]l0MgCl2!(25!mM)
Ȥȡ0ː¯ĵFǉÙB$<0vOkxK|,q_xK|
Fă 10!]M+ 0.5!]l (	0.2!]l0 LA!taq	5.9!]l!0 dH2OF 200!]lf
w+?ǬĄ	hxj,.B DNAF 1!]lç$
[|[
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KU0ǰśxV~1	9 94 F 1 Ú	"0ŧ 94 F 30 ȵ	
60 F 30 ȵ	72 F 1 Ú9+F 1 [KU, 42 ėɠAʾ	@/
72 + 20 Úɡ$ŧ 15+ÀĶ$
 
!
!
á˥˖ɋ(RE)Øȏ !
¸ȓBá˥˖ɋ/ˍ$ 1!]l0 NEB!buffer9$1 Cut!Smart	0.2!]l0á
˥˖ɋ	3.8!]l0 dH2OF 200!]lfw+?ǬĄ	5!]l0 PCRȒȆF
ç$
"0ŧ 37!+ 12Ʋˣª˲ɡ$
!
!
!
ɒʗʕǁ 
Ě0Ï*0ʡŏ1ǎǴʡŏ(SEM)Fȯ
Ɉĵ/țŒF=( gsp-4 ĭț´,
˚ȑǄ0˩,0ƎĄE!/?BɈĵňÎĽ̅(Ě 6),ɷɋ\ȂŇ/?B
ɍɧȭĪĽ̅ (Ě 29)ªĮ0Ě0Ï*0ɒʗʕǁ/1Ë˔ɡÚơÚǁ
(ANOVA)Fʃ	ʉƢǘʹ0$<engjǉļ+Þļ$
¢ŋ/?BɈĵ0
Ȝ±ėūĽ̅,ɷɋ\/?BɍɧȭĪĽ̅1vJg]0ȥƑȮȍǉ
ļFʃ'$
Ě0]VI_d_U(*),ewI_d_U(**)1"C#
C pÄ 0.05 ƹǳ, 0.01 ƹǳFȯ
"C#C0Ľ̅/ȓ$ǉļ1ˊú0ʤ
ƤFûɢ/ʃ'$(Ohta, Ujisawa et al., 2014)
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GFP /?B nhr ː¯ĵ0ȟȎʕǁ 
 nhr-114 0 3’UTR ˻Ģ 1 kbp 1˚ȑǄ N2 0Xo~@ KHR316 , KHR317
xK|+ĩœC$
nhr-114 0 3’UTR ˻Ģ 1 kbp 0 PCR vVj
1 EcoRI , BanII 0[KjF¸ pPD95.75 /ƊÎ$
nhr-1140ǧ 4 kbp
FĈ; 6.6 kbp 0 PCR vVj1˚ȑǄ N2 0Xo~@ KHR318 ,
KHR319 xK|+ĩœ$
nhr-1140xdFĈ; 6.6 kbp ,ː¯
ĵ˻Ģ1 SbfI , BamHI [KjF¸ 3’UTR ˻Ģ 1 kbp FƊÎ$ pPD95.75
/ƊÎ$
 
 nhr-88 0 3’UTR ˻Ģ 1 kbp 1˚ȑǄ N2 0Xo~@ KHR364 , KHR365
xK|+ĩœ$
nhr-88 0 3’UTR ˻Ģ 1 kbp 0 PCR vVj1
InFusion(Clontech)Ǣ/?A	EcoRI , BanII +ÛƦC$ pPD95.75 /ƊÎ
$
nhr-880ǧ 4 kbp FĈ; 6.7 kbp vVj, nhr-88ː¯ĵ0Ⱦ 3 K
j9+0˓Ú˻Ģ1˚ȑǄ N2 0Xo~@ KHR414 , KHR415 xK
|+ĩœ$
nhr-88 xdFĈ; 6.7 kbp vVj1
InFusion(Clontech)Ǣ/?A	SbfI , XmaI +ÛƦC	nhr-88 3’UTR ˻Ģ 1 kbp
FƊÎ$ pPD95.75 /ƊÎC$
 
 
 
³ǰɣųh_j 
 ³ǰɣųh_j/1	÷FȒ:Ĵ<$˸0Ƨ̈.žɿ 70150 ï7-0'
$xjF¸'$
 
 Ƨ̈.˫˩ą´0žɿ2ïF	İɭɻOP50ħŐC$əɿģ̂ģğ(NGM)
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xj/0!	812Ʋˣ÷FȒ9!$ŧ/ÿA˧$
ȑ9C$ĵ©1"
C#C 15+ 144-150Ʋˣ	20+ 85-90Ʋˣ	25+1 60-65Ʋˣ̀ɦ$

÷FȒ:Ĵ<B˸0Ƨ̈.ĵ©0žɿñÚB,FȮʞ*@	ǝ
/ 20Ú	"0ŧ 20ÕɽStngj/ 48Ʋˣ˲ɡ$(CRB-41A Hitachi, 
Japan)
žˡ˅ś0ț.Bĭț´F¸ĦĄ1	ʒ/÷FȒ9!BƲˣF @
*	Yj+B˚ȑǄ,ąƲ/ 2/˲ɡ$
daf-2ĭț1e
ŢžFşʱ0+	Yj+B˚ȑǄ,ɘ/÷@ L4Řɿ9+
15+̀ɦ	Ƴ 12Ʋˣª 20=1 25+̀ɦ*@Yk]
gUFʃ'$
ǰś1i^dǰśʗ,ǜ˝ǰśʗ0ƨFȓ*Ȯʞ$

48 Ʋˣ	˓Ľ̅+1 12 Ʋˣ 2/˲ɡ$ŧ	xjF 15/ȶƳ
KSyj	ȑĶÂ´Ƣ,ǔ¡Â´ƢFQLj$
nhr-88; odr-1
˙ĭț´Fʕǁ$ƲƸ1 odr-1ĭț´0ʅȎġ˳Œ/³'$
C/1ǲ
ś.-µ@0ƾ¬ţ˶F*Bāɨųɢ@C$
"0$<	0
Ľ̅/ˤ*1 2+ 12 Ʋˣ0ƾ¬+Yk]gUFʃ'$(Ujisawa et 
al., 2014)
 
 
 
Ɉĵȇțȡ/ gsp-4 ː¯ĵFȟȎ!Bx_}k0·ž 
 Ɉĵȇțȡ/ȟȎ!B spe-11xd˻ĢFĈ; 294 bp0 PCRv
Vj1˚ȑǄN20Xo~@KHR848,KHR849xK|+ĩœ$

spe-11xd˻Ģ 294 bp0 PCRvVj1 SbfI, KpnI0[Kj
F¸ pPD49.26/ƊÎ$
gsp-40 cDNA˻ĢFĈ; 936 bp0 PCRvV
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j1	˚ ȑǄ N2 @ƏÿC$ RNA FˁʷÔ$ cDNA @	KHR852
, KHR853 xK|+ĩœ$
gsp-4 0 cDNA ˻Ģ 936 bp 0 PCR vV
j1 XmaI , KpnI 0[KjF¸ spe-11 xd˻Ģ 294 bp FƊÎ
$ pPD49.26 /ƊÎ$
!
 
 
Q]L~K^V/?BɍɧÒQ]L~Ǽś0Ǳļ 
 Q]L~K^V1ˊú/ʃEC$Ľ̅Fûɢ/*ʃ'$(Kuhara 
et al., 2011; Ohta, Ujisawa et al., 2014)
Ľ̅/1	ǰśĀŁm+B
ASJ ȇțȡ/ȟȎ!B$<0xd0 trx-1p /	Q]L~KiJ
Wd+BKNQPFYkB˔ÜFɞ%ɏ:Ƶː¯ĵ 
(trx-1p::yc3.60 (pTOM13))FňÎ$Â´F¸'$
QP1	N ƺ/ CFP	
C ƺ/ YFP F=&	ĳ/Q]L~ɑĄ[KjF=(SdrU+B
 
QP1	ɍɧÒQ]L~Ǽś³,1 440 nm 0éʱÍFš*B
,	˱ ɷ0ʀÍFȟB0/Ņ	ɍɧÒQ]L~Ǽś̇,1	440 nm
0éʱÍF*B,	̋ɷ0ʀÍFȟB
0̋ɷ,˱ɷ0ʀÍ0ǘFÿB
,+ɍɧÒQ]L~Ǽś0ĭîFļ˛îB,+B
[x+
B ASJ ȇțȡ/QPFȟȎ$Â´1 2̌(w/v)IRrgk0/Ƒ
Ȩä(ðȞȓIIvH A, ǀ ĄžǄŞ®ȱ)Fȓ*ěļ	M9 qgv
H/ǩ*QqR_F4!$
0ƛ·1 3 ÚªÒ/ʃ'$
[x
1 Olympus IX81 ˽Ŭˠ0_h^/ÿA¨$ǰśáŪʇɡ(Tokai Hit, 
Japan)/ʚɡ	2 Ú*[xǰśFˢĴǰś/ĄE!*@	ǰśâ
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ǺF$˨0ʀÍFiIt (Molecular Devices, USA)+ʗǱ$

ȘÉ1 100 }ȵ˰Í	11 tmV+Ƙţ	IRrgk0ǰś1
MATS-5500RA-KY (Tokai Hit)ǰśʗ+ʗǱ$
Ľ̅,/	ʀÍŠś1
MetaMorph (Molecular Devices, USA)F¸ǱļC$
 
 
 
ː¯ĵňÎɉɒ0·ʈ 
 əɿ0ː¯ĵňÎɉɒ̍transgenic animal̎1	Ȥȡ0 DNA̍PCRƦȅ9
$1x_}kFƶɎǼś 5-50 ng/ul ,̎ː¯ĵňÎ|Q,.B DNAF
Ĉ;K^MU]ǵǪFȑǖɮ/ǤÎB,+ʃEC$(Mello et al., 
1991)
ƻȬȺ+1	ː¯ĵňÎ|Qː¯ĵ,*	rol%6(gf)=1
ges%1p::NLS::GFP , AIYp::GFP Fȓ	pBluescript! SK+Fç	ƶɎ0Ïː
¯ĵǼś0ĄʗF 100!ng/]l/ʣƣ$
K^MU]ǵǪ1R_˜,K
^MUdFȓ*ȑǖɮ/ǤÎC$
!
 
 
DNA |KUIK/?Bː¯ĵȟȎ0ǘʹʕǁ 
 DNA |KUIKʕǁ0Ĥƻȡ.ƨǢ1 Sugi @0ʤƤ0ʙʿ/Ũ'$
(Sugi et al., 2011)
ſ19 ª0 3(0ƾ¬+̀ɦ$əɿ@ RNAFõ
ˬ$
̍ 1̎˚ȑġ N2ǄF 15+̀ɦ$žɿ̍2̎˚ȑġ N2ǄF 15+ 5
ƫˣ̀ɦ$ŧ 25/ 12Ʋˣ$žɿ̍3̎daf-2(e1370)ĭț´F 15+ 5
ƫˣ̀ɦ$ŧ 25/ 12Ʋˣ$žɿ
RNAƃÙ1³ǰɣųh_j,ą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ƾ¬0əɿ@	RNeasy Mini kit (Qiagen; 74104)F¸ʃ'$
əɿF̀ɦ
$ NGM xj@ M9 qgvHF¸ėþ	M9 F 2 ėÎCƵ*İ
ɭɻ>Řɿ.-Fǥǧ$
əɿF 650 ]l 0 RLT qgvH(RNeasy kit)
+Žǻ	Ǫ´Ȼɋ+×ɑ$
"0ŧ	AǸ$ǵǪ@ RNA FƃÙ$

100 ng 0ɖ RNA , Low Input Quick Amp Labeling Kit (Agilent; 5190-2305)
F¸	Cy3 ǎʦC$ cRNA Fĩœ$
cRNA 1 1.65 ]g  ( gene 
expression hybridization kit (Agilent; 5188-5242)F¸C. elegans oligo DNA 
microarray (Ver2.0) (Agilent),pKweKb]C$
_Kk1
4×44 Ü_Kk0õɷ_Sʚļ(_S˻Ģ 61×21.6 mm, ʕÉś 5 
µm, dye channel set to green PMT 100%)¸EC$ Agilent SureScan 
Microarray Scanner (G2600D)+ǥǨŧ/_S$
"0id1
GeneSpring software F¸ʕǁ$
ſ1[xƏÿ@|KUI
Kʕǁ9+Ȋȼ/ 3 ėʜʃ$
 
 
 
ļ˛ȡ PCR ʕǁ/?B mRNA ȟȎ˛0ǘʹ 
 ļ˛ȡ PCR ʕǁ/1	˚ȑǄ	gsp-4	nhr-88	nhr-114 ĭț´F"C#C
15	20	25+̀ɦ$Â´@Əÿ$ RNA F¸'$
9$	daf-2 ĭ
ț´0 20, 251 15+ 5 ƫˣ̀ɦ*@Ȥȡ0ǰś/ȶë!	Ƴ
KSyj$=0@ RNA FƏÿ$
RNA 0Əÿ/1 RNeasy Mini 
kit (Qiagen; 74104)F¸ȓ$
ƏÿC$ɖ RNA(100 ƀ1 500 ng)1
Bio-Rad ʈ0 RT-PCR ȓ iScript Advanced cDNA Synthesis kit F¸,+
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cDNA /ˁʷÔ$
Ľ̅/1	Ȥȡ0ː¯ĵȓ0xK|	Sso Fast 
EvaGreen Supermix (Bio-Rad)	DNA Engine Peltier Thermal Cycler- CFX96 
(Bio-Rad)F¸ȓ$
1 ė0Ľ̅/ă[x0ąő˘ǵǪF 3 ( (Ǳļ
$(triplicate)
ăː¯ĵ0ȟȎ0o|b]1pL_SuVː¯
ĵ+B tba-1(α-tubulin)F¸ŕĠî$
 
 
 
RNA ŔǮǢFȓ$ː¯ĵogUeL 
 ƻȬȺ+ʃEC$ RNAi ʕǁ+1	Dr. Ahringer /?'*ȮȼC$ C. 
elegans 0 RNA KwF Source BioScience @ʯÎ	¸ȓ$
(Fraser et al., 2000)
ſ1 Kamath @0ʤƤFûɢ/	RNAi vJiJ
VǢ+Ľ̅Fʃ'$(Kamath et al., 2001)
Ľ̅/1ȇ/Ȳɐɉ/B RNAi
źĀųǄ,* eri-1; lin-15B ǄF¸ȓ$ (Kennedy et al., 2004; Timmons 
and Fire, 1998)
9$	³ǰɣų0{^hJwYj,*	țŒFȯ
,ĥĊC*B akt-1 ː¯ĵ0 RNAi ogUeLÂ´F¸ȓ$
(Murray et al., 2007; Ohta et al., 2014)
akt-1 ː¯ĵ1K_ɐʵ+Ǐɨ
B AKT SlbFYk*B
 
 
 
ÐȀǽ˽ŬˠʕǁFȓ$ʀÍ0ʓń 
 _KkR_/·ž$ 2% (w/v)IR_rgk/ 10 ]l 0 100 mM
0 NaN3 FǷ	Ƣï0žɿF!QqR_F4!$
ʀÍȘÉ1Ð
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Ȁǽ\˽Ŭˠ(FV1000-IX81 with GaAsP PMT, Olympus), FV10-ASW 
software (Olympus)F¸'*ʕǁ$
 
 
 
ƔȟųʟşȆʮ/ŅBîķʰųh_j 
 Ɣȟų/Ȇʮ/ŅBîķʰųĽ̅1ˊú0ʤƤFûɢ/ʃ'$
(Bargmann et al., 1993)
Ľ̅/1	³ǰɣų,ąƾ¬+˚ȑǄ	gsp-4	nhr-88	
nhr-114 ĭț´F"C#C 20+̀ɦ$Â´F¸ȓ$
ăɉɒ0žɿF
M9 qgvH+ėþ	M9 + 2 ėǥǨİɭɻFǥǧ*@	9 cm 0 ODR
xjĳ/0!$
ODR xj/1 1 ]l 0 NaN3, 4 ]l 0^Iaf
9$1KcI}IYFǷ	Ņʔə/1Yj,* NaN3
,NdoFǷ$
1 ƲˣKSyjŧ/Uz~F¸əɿF
ǔǶ!	Ƿǽ@ 1.5cm Ʌę/ʟşC$Â´FQLj$
íȆʮ
/ʟşC$Â´Ƣ@Yj0ʟĘƢFǯɂ	Ï´Ƣ+å'$=0
F Chemotaxis Index ,$(Ě 17)
 
 
 
ɷɋ\ȂŇ/?BɍɧȭĪĽ̅ 
 \K}n]Ľ̅1ˊú0ʤƤFûɢ/ʃ'$(Kuhara et al., 
2008; Mori and Ohshima, 1995)
Ľ̅/1	Ɉĵ+mCherry::histoneFȟȎ
!$˚ȑġɉɒ+B EG4883 ǄFȓ$
ɷɋ\1 Micropoint system 
laser microbeam (Photonic Instruments, USA)ʇɡ+ȂŇ	éʱR_/1Ȼ
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ɋR_	laser dye/1U|(Methanol < 1% BPBD 365 (6 mM))	\
mgj/GFPéʱvJd(ġŞ 2253 Ůǣˡ 480 / òÄœ 20 nm)F¸
ȓ$
ʓńȓ0ʀÍ,ɷɋ\1eKUKgU}(U-MRFPHQ é
ʱ̒535-555HQ  ĉþ̓570-625HQ  eKU̒565)+ÍʵFĄǧ!$
ɷ
ɋ\ȂŇƲ1 GFPʀÍvJd(R488-568 Em01-R488 / 568-25 405 
nm 442 nm 488 nm 561 nm 568 nm)FȓŹ	]gd+ˎÍ+B?/
$
_KkR_/·ʈ$ 5̌IR_rgk/ 25 M0 NaH3F 4 
µlǷ	sampleÂ´/̊˕F*QqR_F4!$
³Ãȍ0ŅȆ
`̍10̎+ sample Fʐ˚0Ů/ɡ	ǟǩ$̇Ãȍ0ŅȆ`
̍100̎+ʀÍFƇǎ/\0ȉFļ<$
ʓńȓ0ʀÍʵFˎɾŧ	
\ȓ0Íʵ0]gdFˢ	\FȂŇ$
ŎĂ0ȑǖŌ/
"C#C 30 @ 40 ė\FȂŇ	ʀÍǯŊ*B,+Ȥȡ0ɍ
ɧ0ƖÇFȮʞ*@	M9 bufferFǷ* sampleÂ´Fėþ	İɭɻF
ħŐ$Ƨ NGMxj/ï (ȶ$
Ľ̅+1 L4ŘɿƸ/\
ȂŇŧ 15+Ƴ	young adultƸ/Óś\ȂŇFʃ'$ŧ	20
+ 12ƲˣKSyj*@³ǰɣųh_jFʃ'$
³ǰɣųh_jŧ
/=ʀÍǯŊ*B,FȮʞ$
 
 
 
Ǜ´Ǫ´U|jVvJ/?Bɩʮɏž0ǘʹʕǁ 
 ɩʮʕǁ1ˊú0ʤƤFûɢ/ʃ'$(Murray et al., 2007; Ohta et al., 2014)

˚ȑǄ, gsp-4ĭț´0žˡ˅śFĄE!* 15̀ɦŧ 20/ 24ƲˣKS
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yj	ɩʮƃÙFʃj_fî$
ɩɥ˗fN_h1
Ǜ´Ǫ´U|jVvJ+ʕǁ	uUÀƆƲˣ0ǘʹ+ąļC$
 
 
 
x^MmQLj/?BȑǖɨæxvHKV 
 NGM xj/ 20+̀ɦ$÷FȒ;ã0žɿ 1 ï (ɡ	8 Ʋˣ
,/Ƨxj/ȶ$
÷FȒ:Ĵ<*@Ɋ 48Ʋˣ+ȒG%ĀɈ÷
,ƹĀɈ÷F"C#CƢ	ɖȒ÷Ƣ	ĀɈ÷Ƣ	ƹĀɈȍFxvHK
V$
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ĤÅ ŬŮŪūūĸłÅ`ÁŲÑŎŕĿÞ_Šgsp-4ZÉšà71ƲŜĸłÅ`Á
ŲÑŎŕĿœŎŚľŌŰŭŠĞ_ŠģZÉŠÅ`Ášà24ƲŜľ
[ŞŌ
ŜşÞ_Šgsp-4ZÉŠÉoŇ3ōŰľgpa-3ZÉŜEÕsŠÅ`ÁŲÑŎ
ŕĿŌŠƑưƌš5ƜƬưƒŠæņŭĈŎŕĿçĉĈşš"Ġï-
-(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ**"špŇ0.01
¶śŁůŌŜŲÑŐĿĺ"

72
Q13ĽÞ_Ğ_ŜASJ´sAeƕƦưƭƯŠĞ_ŠģZÉŠĈ(2)"
"
Ľ20ļśĴóŎŕÞ_¾ÉËƜƭƐŷƯƚŻƇƚŴƌưƊŲƂưƓŐůgsp-4Ğ_Ŝ
ASJ´sAeƕƦưƭƯŠGCYŲƂưƓŐůodr-1Ğ_ŠģZÉşľ2ļ48
ĦŠ´4¹ŲńŕŠÅ`ÁŲµcŎŕĿĤÅ ŠÅ`Ášà6ƲŖŘŕŠ
şgŎľASJ´sAeƕƦưƭƯŠodr-1ZÉšà26ƲŜĤÅ ŬŮŪūūĸłÅ
`ÁŲÑŎŕĿÞ_Šgsp-4ZÉšà81ƲŜĸłÅ`ÁŲÑŎŕĿœŎŚľŌŰŭ
ŠĞ_ŠģZÉŠÅ`Ášà34ƲŜľ
[ŞŌŜşÞ_Šgsp-4ZÉ
ŠÉoŇ3ōŰľgpa-3ZÉŜEÕsŠÅ`ÁŲÑŎŕĿŌŠƑưƌš6ƜƬư
ƒŠæņŭĈŎŕĿçĉĈşš"Ġï--(ANOVA)Ųÿłľă
­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ**"špŇ0.01¶śŁůŌŜŲÑŐĿĺ"
"
73
Q14ĽÞ_¾ÉËƜƭƐŷƯƚŻƇƚŴƌưƊPP1gsp-4ZÉşŅŊůgpa-3ŠÊÂ
ĥ"
"
Ľ15ļľ20ļľ25ļśĴóŎŕĤÅ ŜÞ_Šgsp-4ZÉşŅŊůŠĥGƌƯ
ƙžđŠĻƃƛƧƕƏƒGPA;3ŠmRNAŠÊÂĥŲcĥËPCRśµcŎŕĿœŠæľ
25ļśĴóŎŕgsp-4ZÉśÊÂŠŇćfōŰŕĿŌŠƑưƌš3NŠ
æņŭĈŎŕĿ*"špŇ0.05¶śŁůŌŜŲÑŐĿĺ"
"



74
Q15ĽÞ_¾ÉËƜƭƐŷƯƚŻƇƚŴƌưƊPP1"gsp-4ZÉşŅŊůodr-1ŠÊÂ
ĥ"
"
Ľ15ļľ20ļľ25ļśĴóŎŕĤÅ ŜÞ_Šgsp-4ZÉşŅŊůŠſŵƕƫĢ
ƅžƩưƊODR;1ŠmRNAŠÊÂĥŲcĥËPCRśµcŎŕĿÊÂĥŠZ:šąŭ
ŰŕŇľčnŇ]ňŉnšąŭŰŞņŘŕĿŌŠƑưƌš3NŠæņŭ
ĈŎŕĿ"
75
Q16ĽÞ_ZÉŠ´sAeƕƦưƭƯASJŠÒå°8"
"
ĽŽƫƅŸƢŷƯƑŶƀưƌưśŁůŽƣƬżƯŲtrx-1ƜƭƤưƌưŲÇłŚASJ´s
AeƕƦưƭƯ¾ÉËşÊÂōŒŕßçş300ÓņŊŚ17ļņŭ23ļŠ´s4¹
ŲńŕŠÒå°8ŲµcŎŕĿASJ´sAeƕƦưƭƯ¾ÉËşŽƣƬżƯŲÊ
ÂōŒŕĤÅSßçş´s4¹Ųńŕæľâô(ŽƫƅŸƢºsŇà15ƲZ
:ŎŕĿœŰşgŎľÞ_¾ÉËƜƭƐŷƯƚŻƇƚŴƌưƊPP1"GSP;4şÉoŲŪř
gsp-4ZÉśšľĤÅSßçŜEŏ´s4¹ŲńŚŪŽƫƅŸƢºsŇà5ƲŎ
ņZ:ŒőľASJ´sAeƕƦưƭƯŠÙŠŇćfōŰŕĿōŭşľgsp-4
ZÉşspe-11ƜƭƤưƌưŲÇłŚÞ_¾ÉËşgsp-4ŲN}ŎŕßçśšľŌŠ
´sşgŐůÙŇN}ŎŚłŕĿĺmšĤÅ ŜÞ_Šgsp-4ZÉŠŽƫƅ
ŸƢºsŠZ:şËŞùŲřŊŕQĿ^šĦŁŕŮŠŽƫƅŸƢºsŠ
Z:ŲÑŐĿBš130Óņŭ150ÓŠqRŽƫƅŸƢºsŠZ:ĥŲ¢ſƩƚ:Ŏ
ŕĿ"
"
76
Q17Ľ9ł½đşgŐů:aĒ"
"
Ľ´ñşÉoŲÑŎŕgsp-ZÉ4,#nhr-88ZÉ,#nhr-114ZÉŠAWAKĆ
ƕƦưƭƯśAeōŰůƆŵƉƎƫŜľAWCKĆƕƦưƭƯśAeōŰůŷƋŵơƫ
ŵƫƂưƫşgŐů:aĒŲµcŎŕ(Bargmann"et#al.,"1993)ĿChemotaxis"Index
š1Ħś9ł½đ¸»ņŭ1.5ƱŠÝPşÔ8Ŏŕ(A)ņŭƂƯƒƭưƫ
śŁůźƌƗưƫ¸»ņŭ1.5ƱŠÝPşÔ8Ŏŕ(C)Ų³ÚŎŚƜƬưƒ
Š%śĨÚŎŕĿ/şïłŕïņŭÔ8ŎŚłŞłëýš%ş
šŽŸƯƒŎŞņŘŕĿŦŕľƂƯƒƭưƫŜŎŚƆŵƉƎƫşšosm-9ZÉľŷƋŵ
ơƫŵƫƂưƫşštax-4ZÉŲÇłŕĿœŠæľĤÅSšƆŵƉƎƫľŷ
ƋŵơƫŵƫƂưƫ@şvŉČuōŰŕŠşgŎľgsp-4ZÉšŝŗŭşgŎŚŪ
ČOŇŎŚłŕĿŦŕľnhr-88Ŝnhr-114ZÉŠƆŵƉƎƫŜŷƋŵơƫŵƫ
ƂưƫşgŐů:aĒŲµcŎŕæľnhr-88ZÉśČOŇŐůÉo
ŇćfōŰŕĿŌŠƑưƌš4ƜƬưƒ-ŠæņŭĈŎŕĿçĉĈşš"Ġ
ï--(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ**"špŇ
0.01¶śŁůŌŜŲÑŐĿĺ"
"
77
Q18ĽƇƐƭŷƓƞƫƤƯAeNHRŠ´ñ"
"
ĽDNAƠŷžƭŵƬŷĈŲÇłŚľ25ļŠ´s4¹ŲńŕĩşÊÂZ8ŐůĞ
_ŲĤÅ ŜŷƯƇƪƯAedaf-2ŠZÉś­ėŐůŌŜśƪƇƒ:ŎĺľœŠ
ZÉş2ļ48ĦŠ´4¹ŲńŕŠÅ`ÁŲµcŎŕĿ20ļśĴóŎŕ
ĤÅ ŠÅ`Ášà3ƲŖŘŕŠşgŎľnhr-88ZÉśšà53Ʋľnhr-114ZÉ
śšà88ƲŜĲüŞÉoŇćfōŰŕĿŦŕľœŰŭ[şŪłŉřņŠĞ_
ŠZÉśnŇąŭŰŕĿŌŠƑưƌš9ƜƬưƒŠæņŭĈŎŕĿç
ĉĈşš"Ġï--(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£cś0
cŎŕĿĺ**"špŇ0.01¶ľ*"špŇ0.05¶śŁůŌŜŲÑŐĿĺ"
78
Q19ĽƇƐƭŷƓƞƫƤƯAeNHRŠ´ñ(3)"
"
ĽDNAƠŷžƭŵƬŷĈŲÇłŚľ25ļŠ´s4¹ŲńŕĩşÊÂZ8ŐůĞ
_ŲĤÅ ŜŷƯƇƪƯAedaf-2ŠZÉś­ėŐůŌŜśƪƇƒ:ŎľœŠĞ
_ŲRNAiƚŶưƑŶƯſ¯śƗƏžƍŸƯŎŕeri-1;#lin-15Bßçş2ļ48ĦŠ
´4¹ŲńŕŠÅ`ÁŲµcŎŕĿƟƆƐŶƛƂƯƒƭưƫŜŎŚľŷƯƇƪƯå
Ĕś¦õŐůakt-1Ğ_ŲƗƏžƍŸƯŎŕŲÇłŕĿ20ļĴó{ŠÅ`Ášľ
ƂƯƒƭưƫśŁůeri-1;#lin-15BZÉśà38ƲśŁůŠşgŎľnhr-44ƗƏžƍŸƯ
śà6Ʋľnhr-57ƗƏžƍŸƯśà49ƲŜnŇąŭŰŕŇľÞ_Š
gsp-4ū÷Šdaf-2ŞŝŠZÉśąŭŰůŬŃŞĲüşÅ`ÁŇŐůæš
ąŭŰŞņŘŕĿŌŠƑưƌš5ƜƬưƒŠæņŭĈŎŕĿçĉĈşš
"Ġï--(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ**"šp
Ň0.01¶ľ*"špŇ0.05¶śŁůŌŜŲÑŐĿĺ"
79
Q20Ľnhr-88Ŝnhr-114ŠÊÂİT"
"
Ľnhr-88Ŝnhr-114ŠĞ_şêùþ#ƌƯƙžđGFPŲíłŖĞ_Ųi$ŎŕĤ
Å śþ#ŲćfŎŕĿnhr-114š±4"kbpŅŬŢ%Ġ.Š{şGFPŲľnhr-88š
±4"kbpŅŬŢØ3ŷƯƒƭƯŦśŠĠ.Š{şGFPĞ_ŲřŞŋŕƜƩƇơƓŲ
ĂŎľƠưŽưśŁůrol-6(gf)ŜŜŪşĤÅ şŷƯƆŹžƅƨƯŲÿŘŕĿŝŗŭŠ
Ğ_i$ßçŪ÷śþ#ŇćfōŰŕŌŜņŭľNHR;88ŜNHR;114š÷śÊÂŎ
ŚłůŌŜŇÑJōŰŕĿ"

"
80
Q21ĽÞ_Ğ_ŜnhrĞ_ŠģZÉŠĈ"
"
Ľ20ļśĴóŎŕÞ_¾ÉËƜƭƐŷƯƚŻƇƚŴƌưƊŲƂưƓŐůgsp-4Ğ_ş
gŎľƇƐƭŷƓƞƫƤƯAeŲƂưƓŐůnhr-88Ŝnhr-114œŰŔŰŠģZÉ
ŲĂŎľ2ļ48ĦŠ´4¹ŲńŕŠÅ`ÁŲµcŎŕĿ20ļĴóŎŕ
ĤÅ ŠÅ`Ášà4ƲŖŘŕŠşgŎľÞ_Šgsp-4ZÉśšà29Ʋľ÷Š
nhr-88ZÉśšà49Ʋľnhr-114ZÉśšà59ƲŜĤÅ ŬŮĸłÅ`ÁŲÑ
ŎŕĿœŎŚľgsp-4;#nhr-88ģZÉśšà30Ʋľgsp-4;#nhr-114ģZÉśš
à21ƲŜľŝŗŭŪnhrZÉŠÉoŲgsp-4ŠZÉŇ3ŎŕĿŌŠƑưƌš12ƜƬư
ƒŠæņŭĈŎŕĿçĉĈşš"Ġï--(ANOVA)Ųÿłľă
­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ**"špŇ0.01¶śŁůŌŜŲÑŐĿĺ"
81
Q22ĽnhrZÉşŅŊůÞ_¾ÉËƜƭƐŷƯƚŻƇƚŴƌưƊPP1gsp-4ŠÊÂĥ"
"
Ľ15ļľ20ļľ25ļśĴóŎŕĤÅ ŜÞ_Šnhr-88nhr-114ZÉşŅŊůŠÞ
_Šgsp-4ŠmRNAŠÊÂĥŲcĥËPCRśµcŎŕĿnhr;88ZÉśš20ļĴó
Ŝ25ļĴóşľnhr;114ZÉśš15ļĴóŜ20ļĴóşÊÂĥŠZ:
ŇćfōŰŕĿŌŠƑưƌš3NŠæņŭĈŎŕĿĺ**"špŇ0.01¶ľ*"
špŇ0.05¶śŁůŌŜŲÑŐĿĺ"
"
"
82
Q23Ľ´sAeƕƦưƭƯŠĞ_Ŝnhr-88Ğ_ŠģZÉŠĈ"
"
Ľ20ļśĴóŎŕASJ´sAeƕƦưƭƯŠſŵƕƫĢƅžƩưƊŲƂưƓŐůodr-1
Ŝ÷ŠƇƐƭŷƓƞƫƤƯAeŲƂưƓŐůnhr-88ŠģZÉş2ļ12ĦŠ
´4¹ŲńŕŠÅ`ÁŲµcŎŕĿNÿŘŕnhr-88;#odr-1ģZÉŠ
dĶśšľĚoŠ2ļś48ĦŠ´4¹Šś;-ŞnŇąŭŰŞņŘŕŕ
ũľ2ļś12ĦŠśdĶŲÿŘŕĿĤÅ ŠÅ`Ášà33ƲŖŘŕŠşgŎľ
ÒåŠodr-1ZÉśšà50Ʋľ÷Šnhr-88ZÉśšà99ƲŜĤÅ ŬŮŪĸł
Å`ÁŲÑŎŕĿœŎŚľnhr-88;#odr-1ģZÉŠÅ`Ášà98ƲŜľnhr-88Z
ÉŜE¥Š´ñÉoŲÑŎŕĿŌŠƑưƌš8ƜƬưƒŠæņŭĈ
ŎŕĿçĉĈşš"Ġï--(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£
cś0cŎŕĿĺ**"špŇ0.01¶śŁůŌŜŲÑŐĿĺ"
"
83
Q24Ľ´sAeƕƦưƭƯŠĞ_Ŝnhr-114Ğ_ŠģZÉŠĈ"
"
Ľ20ļśĴóŎŕASJ´sAeƕƦưƭƯŠſŵƕƫĢƅžƩưƊŲƂưƓŐůodr-1
Ŝ÷ŠƇƐƭŷƓƞƫƤƯAeŲƂưƓŐůnhr-114ŠģZÉş2ļ12ĦŠ
´4¹ŲńŕŠÅ`ÁŲµcŎŕĿ20ļśĴóŎŕĤÅ ŠÅ`Ášà
3ƲŖŘŕŠşgŎľÒåŠodr-1ZÉśšà31Ʋľ÷Šnhr-114ZÉśšà
56ƲŜĤÅ ŬŮŪĸłÅ`ÁŲÑŎŕĿœŎŚľnhr-114;#odr-1ģZÉŠÅ`
Ášà62%Ŝľnhr-114ZÉŜE¥Š´ñÉoŲÑŎŕĿŌŠƑưƌš8Ɯ
ƬưƒŠæņŭĈŎŕĿçĉĈşš"Ġï--(ANOVA)Ųÿłľ
ă­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ**"špŇ0.01¶śŁůŌŜŲÑŐĿĺ"
"

84
Q25Ľ÷ŠĞ_nhr-88Ŝdaf-2ŠģZÉŠĈ"
"
Ľ20ļśĴóŎŕŷƯƇƪƯAeŲƂưƓŐůdaf-2Ŝ÷ŠƇƐƭŷƓƞƫƤƯAe
ŲƂưƓŐůnhr-88ŠģZÉş2ļ12ĦŠ´4¹ŲńŕŠÅ`ÁŲ
µcŎŕ20ļĴóŎŕĤÅ ŠÅ`Ášà1ƲŖŘŕŠşgŎľ÷Šdaf-2ZÉ
śšà62Ʋľ÷Šnhr-88ZÉśšà66ƲŜĤÅ ŬŮŪĸłÅ`ÁŲÑŎŕĿœ
ŎŚľnhr-88;#daf-2ģZÉŠÅ`Ášà96%ŜľœŰŔŰŠƅƯſƫơƦưƌƯ
ƒŬŮŪĸłÅ`ÁŲÑŎŕĿŌŠƑưƌš12ƜƬưƒŠæņŭĈŎŕĿç
ĉĈşš"Ġï--(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£cś0
cŎŕĿĺ**"špŇ0.01¶śŁůŌŜŲÑŐĿĺ"
"
85
Q26Ľ÷ŠĞ_nhr-114Ŝdaf-2ŠģZÉŠĈ"
"
Ľ20ļśĴóŎŕŷƯƇƪƯAeŲƂưƓŐůdaf-2Ŝ÷ŠƇƐƭŷƓƞƫƤƯAe
ŲƂưƓŐůnhr-114ŠģZÉş2ļ12ĦŠ´4¹ŲńŕŠÅ`Á
ŲµcŎŕ20ļĴóŎŕĤÅ ŠÅ`Ášà3ƲŖŘŕŠşgŎľ÷Šdaf-2ZÉ
śšà65Ʋľ÷Šnhr-114ZÉśšà56ƲŜĤÅ ŬŮŪĸłÅ`ÁŲÑŎŕĿ
ŌŠƑưƌš8ƜƬưƒŠæņŭĈŎŕĿçĉĈşš"Ġï--
(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ**"špŇ0.01¶ľ*"
špŇ0.05¶śŁůŌŜŲÑŐĿĺ"
"
86
Q27ĽĤÅSŜÞ_ZÉgsp-4ŜŠöòĢäŠ­ėĈ"
"
Ľ15ļņŭ20ļş24Ħ´sZ:ōŒŕĤÅ ŜÞ_¾ÉËƜƭƐŷƯƚŻƇƚŴ
ƌưƊPP1Ų§Őůgsp-4ZÉŠöòĢŠöđ6DŲµcŎŕĿĤÅ Ŝgsp-4
ZÉŠéöđŲ­ėŎŕæľ16:1n;7ū18:1n;9Şŝ11ÖĳŠöòĢśŞ
nŲÑŎŕŇľSFAƳĵIöòĢƴľMUFAƳ=ĵIöòĢƴľPUFAƳ\ĵIö
òĢƴş]1ŎŕWDnšąŭŰŞņŘŕĿŌŠƑưƌš3NŠæņŭĈŎ
ŕĿçĉĈşš"Ġï--(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£c
ś0cŎŕĿĺ**"špŇ0.01¶ľ*"špŇ0.05¶śŁůŌŜŲÑŐĿĺ"

87
Q28Ľ´ñşħŐůĞ_Š¦õ"
"
Ľ´ñşÉoŲÑŎŕĞ_ŠÞ_wěÕşŅŊů¦õĿSPE;39š1¨Þâ
ôşMOwşħŐů(Zhu"and"L‘Hernault,"2003)ĿMOşMajor"Sperm"Protein"
(MSP)ŇīDŎŚæ¥ŠìèFBŲwŎľMOÈŠøśPűŰFB;MOŜŞůĿ
SPE;15šÞ_âôŇ,úŐůŜňşľÞ_âôşšÞ_wşĄŞFB;MOsūơ
ƒƂƯƓƪŵŲľ«şšÞ_şĄŞŵžƎƯū~jÛŲĘęŐů(Kelleher"et#
al.,"2000)ĿGSP;3ŜGSP;4šØ³-āŠù-ĮŜēŠMSPŠĈĮşħ
Őů(Wu"et#al.,"2012)ĿMSPš1¨ÞâôşMOşDŎŚFBŲwŎľÞ_
âôśĈĮŎŕ{ľÞ_śēŠâôķ¡ŜŞů(Italiano"et#al.,"1996;"Kelleher"et#
al.,"2000;"Smith,"2006)Ŀ"
"
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Q29ĽùáƬưƄư¼hşŬůâôÏYdĶ"
"
ĽƬưƄư¼hśÞ_ş!ōŒŕş2ļ48ĦŠ´4¹ŲńŕŠÅ
`ÁŲµcŎŕĿÞ_¾ÉËşþ#ŲÊÂŐůĤÅSŠþ#ŲƌưƁƏƒşƬư
Ƅư¼hŲÿłľþ#Š³kśÞ_Š!ŲÐċŎŚłŕĿ20ļƂƯƒƭưƫŜŎ
ŚĹġŠŧŠƤƏž+ÃŲÿŘŕšà15ƲŠÅ`ÁŲÑŎŕŠşgŎľÞ_ş
ƬưƄư¼hŲÿŘŕśšà42ƲŠÅ`ÁŲÑŎŕĿBšƬưƄư¼hŎ
ŕŜƤƏž+ÃĿçĉĈšƚŶƏƅƥưŠÌÐÁ£cś0cŎŕĿĺ**"
špŇ0.01¶śŁůŌŜŲÑŐĿĺ"


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Q30ĽÞ_wşŬů´ñŠZ:ŠĈ"
"
ĽÞ_w5ŠĤÅSL3rýş2ļ48ĦŠ´4¹ŲńŕŠÅ`ÁŲµc
ŎŕĿ15ļĴó{Ŝ20ļĴó{ŠĤÅ ş´4¹Ųńŕæľ15ļĴó{Š
L3rýŠÅ`ÁšýŬŮŐůŌŜŇćfōŰŕĿĺŎņŎľýŜL3rýśš
ƃŷƈľwŜŪşnŇŁůŕũÞ_[ŠxįŠŇ]ňłŜðńŭŰůĿŌŠ
Ƒưƌš6ƜƬưƒŠæņŭĈŎŕĿçĉĈşš"Ġï--
(ANOVA)Ųÿłľă­ėŠŕũƍƖƏƒ£cś0cŎŕĿĺ
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Q31Ľ´ñŜÅ¬õ7Šħ"
"
ĽĤÅSŜÞ_ZÉŇÆŨAÞ?ľAÞ?ŠŲµcŐůƜƭƆŹƕưŽŸƯ
ƒŲÿŘŕĿĤÅSßçŠAÞ?Ňà300şgŎľspe-6ZÉ[ŠÞ_ZÉ
śAÞ?š³kŎŕĿŎņŎľ20ļĴó{ş2ļş48ĦïņŰŕŠÅ`Á
ŜľéÆ?ŅŬŢAÞ?şÍħħšąŭŰŞņŘŕĿ'ËŞśšľ20ļ
Ĵó{şà70ƲŠÅ`ÁŲÑŎŕgsp-4ZÉŠÆ?šà200śŤŜųŝŇA
Þ?ŖŇľ´ñşÉoŲÑōŞņŘŕspe-4ZÉŠÆ?šà20śľŤť
AÞ?śŁůĿE¥şľÆ?ŇkŞŉŚŪ´ñŇ©oŞZÉŇăŁŘ
ŕŌŜņŭľÞ_ÉoşŬůÆ?Š³kŜ´ñÉoşÌËŞħšŞł
ŜðńŭŰůĿĺ
91
Q32ĽŷƯƇƪƯAedaf-2ZÉŠ´sAeƕƦưƭƯASJŠÒå°8"
"
ĽŷƯƇƪƯAeŲ§Őůdaf-2ZÉşŅŊůASJ´sAeƕƦưƭƯŠÒå
°8ŲŽƫƅŸƢŷƣưƆƯſśµcŎŕĿÞ_ZÉŜEŠ17ļņŭ23ļŠ
´sZ:ŲńŕæľŽƫƅŸƢºsŇà10ƲŎņZ:ŒőľÙŠŇ
ćfōŰŕĿ
92
Q33Ľ´ñŠäîƖƏƒƮưžƤƑƫ"
"
ĽNŠÎ×ņŭðńŭŰŕÞ_ņŭÒåţŠƚŶưƓƘƏžƅƇƐƢŲGŨäî
ƖƏƒƮưžƤƑƫĿASJ´sAeƕƦưƭƯŇÄX´sŲAeŎľŷƯƇƪƯŜƇƐ
ƭŷƓƞƫƤƯŲŎŚ÷şVŇĜōŰľ÷ŇÞ_şxįŲńľœŠ{Þ_
ŇASJ´sAeƕƦưƭƯŠ´sVĜşxįŲńůĿÞ_ņŭASJ´sAe
ƕƦưƭƯţŠƚŶưƓƘƏžšľÌņĦņŖŇŅœŭŉ-®ƞƫƤƯş
ŬŘŚÿűŰůŜðńŭŰůĿŌŠƅƯƜƫŞƚŶưƓƘƏžƤƑƫšľ´sĝƣŽ
ƕƈƢŇŬŮăĭ:ŎŚŪľUËŞƤƑƫŜŎŚ2ÇśňůŜzōŰůĿ
93
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